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Title of the invention 



Polymorphisms in the human CYP3A4, CYP3A7 and hPXR genes and their use in 
diagnostic and therapeutic applications 



Field of t he invention 

The present invention relates generally to means and methods of diagnosing and treating 
the phenotypic spectrum as well as the overlapping clinical characteristics with several 
forms of inherited abnormal expression and/or function of the cytochrome P-450 (CYP)3A4 
and CYP3A7 and the human pregnane X receptor (hPXR) genes. In particular, the present 
invention relates to polynucleotides of molecular variant CYP3A4, CYP3A7 and hPXR 
genes which, for example, are associated with abnormal drug response or individual 
predisposition to several common cancers caused by environmental carcinogens, and to 
vectors comprising such polynucleotides. Furthermore, the present invention relates to 
host cells comprising such polynucleotides or vectors and their use for the production of 
variant CYP3A4, CYP3A7 and hPXR proteins. In addition, the present invention relates to 
variant CYP3A4, CYP3A7 and hPXR proteins and antibodies specifically recognizing such 
proteins. The present invention also concerns transgenic non-human animals comprising 
the above-described polynucleotide or vectors. Moreover, the present invention relates to 
methods for identifying and obtaining drug candidates and inhibitors for therapy of 
di sorders related to the malfunction of the CYP3A4, CYP3A7 and hPXR genes as well as_ 
to methods of diagnosing the status of such disorders. The present invention furthermore 
provides pharmaceutical and diagnostic compositions comprising the above-described 
polynucleotides, vectors, proteins, antibodies, and drugs and inhibitors obtainable by the 
above-described method. Said compositions are particularly useful for diagnosing and 
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treating various diseases with drugs that are substrates, inhibitors or modulators of the 
CYP3A4, CYP3A7 and hPXR genes or their product. 

Several documents are cited throughout the text of this specification. Each- of the. 
documents-cited^ herein (including any manufacturer's specifications, instructions, etc.) are 
hereby incorporated herein by reference; however, -there is^rio^dniission that any 
document cit P ri is inrippri prinr art as to thQ Trftfrf? n Mnvontion:.- r 



Background of the im/antir^ 



Members of the cytochrome P-450 (CYP) family of hemoproteins metabolise a wide 
variety of endogenous substrates such as steroid hormones, and of xenobiotics including 
carcinogens, toxins and drugs(7,2). Of the human CYP proteins, those of the CYP3A 
subfamily are of a major importance, since collectively, they are by far*he most abundant 
of all the humane CYP isofOrms, Moreover^^ 
accordingly, >many*stra^^ 

substrates for CYP3A proteins: Based OCthe datalavailable : it is generajly*assumed that all 
CYp 3A^soforms*hava ^ the 

possibility ^ differences (3)^ All vCYPSAnsofo 
importance to dmg disposition 

At least three functional CYP3A proteins exist in humans. The CYP3A4 monooxygenase is 
the predominant cytochrome P450 in human liver and small bowel. The protein displays a 
broad substrate specificity and it metabolises more than 60% of all drugs that are currently 
in use, including contraceptive steroids, antidepressants, benzodiazepines, 
immunosuppressive agents, imidazole antimicotics, and macrolide antibiotics (4 5) In 
addition, CYP3A4 plays a major role in the protection from environmental toxins. For 
example, the protein^metabolizes aflatoxin B1„ which, has been«implioated*in Aetiology of 
JiyeL cancer, which, is a major cause; of premature deathii^many: a reas.pl Africa and As.a£- 
Aflatoxin B1 is a mycotoxin produced by species of Aspergillus, and human exposure 
results principally from the ingestion of stored foodstuffs contaminated with the mold 
Carcinogenicity is associated with its conversion to 8,9-oxide by the hepatic cytochrome 
P450-dependent monooxygenase system. Forrester et al. (6) found that the rates of 
metabolic activation of aflatoxin B1 were highly correlated with the level of proteins of the 
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CYP3A gene family in the microsomes. Furthermore, Paolini et al. (7) found significant 
increases in CYP3A in the lungs of rats treated with high doses of beta-carotene. 
Consequently, it was proposed that correspondingly high levels of CYP3A4 in humans 
would predispose an individual to cancer risk from the bioactivated tobacco-smoke 
procarcinogens, thus explaining the cocarcinogenic effect of beta-carotene in smokers. All 
this implies that individual variation in the CYP3A4 activ it y cou l d influence the efficacy ot a 
variety of drug therapies as well as the individual predisposition to several major cancers 
caused by environmental carcinogens. 



A considerable variation in the CYP3A4 content and catalytic activity has been, indeed, 
described in the general population. For example, the metabolic clearance of 
the gene substrates exhibits a unimodal distribution with up to 20-fold interindividual 
variability. The activities of the CYP3A4 protein in liver biopsies vary up to 30-fold (8). 
Furthermore, many common drugs alter the expression levels of the gene (induction or 
repression) and the extent of this phenomenon is individually variable. The inducers of 
CYP3A4 expression include commonly used drugs such as the glucocorticoid 
dexamethasone, the antibiotic rifampicin, and the antimycotic clotrimazole. The inducibility 
of CYP3A4 expression, combined with the diverse renge of substrates, creates a potential 
for potentially harmful drug interactions involving this isozyme in patients undergoing 
therapies with multiple drugs. 



CYP3A3 is a very closely related isoform to CYP3A4 (>more than 98% cDNA sequence 
similarity), but it is not known whether this reflects a separate gene product or an allelic 
variant. By contrast, CYP3A5 is a gene distinct from CYP3A4 and it is expressed 
polymorphically both in the adult and fetal liver and in the kidney and intestine. In adult 
Caucasians, the mRNA and the protein were detected in the liver of 10 to 30% of samples, 
while the protein was detected in the kidney and intestine of 70% of subjects (Ref. (9) and 



in the synthesis of an unstable protein, may account for the polymorphic expression of this 
enzyme (9). CYP3A7 is the third functional CYP3A isoform. CYP3A7 was originally 
isolated from a fetal liver but it was subsequently found in 54% of adult livers (10). 
Tests to estimate the inducibility and the activity of CYP3A isozymes in an individual 
patient would be of obvious relevance for the optimization of therapies with drugs which 
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are their substrates, and for the prevention of the associated side effects. Direct estimates 
of the activities of CYP3A isozymes in liver biopsies are possible but impracticable for both 
ethical and cost reasons. The indirect in vivo tests of CYP3A4 activity such as the 
erythromycin breath test or the 6-&-hydroxycortis©l test pose ethical problems such as the 
invasive administration, of undesirable probe substances and they are obviously unsuited 
for routine testing In addition the l ank nf corrfilatinn hah*,*** th Q< S ft w c T , ~otnns t hHr 
informative value regarding the CYP3A4 activity (11). 

A major portion (83%) of the interindividual CYP3A4 variability has been attributed to 
genetic facors (12). The establishment of a genetic test for the activity of CYP3A4 and of 
the other CYP3A isozymes should be possible, assuming the prior identification of those 
factors. Genetic variance affecting the activity and the expression of CYP3A isozymes 
could be localized in the genes itself, or in one or more"6f theife regulatons. A comparison of 
the three^originally published sequences*offthe bestiChara<rtenzedfc@YP3Asgene, CYP3A4, 
suggested**the> existe*eea©fipol^ of the 

CYP3A4*prptein (13% Unfortunately*^ knowledge, 
confirmed sin the general. populatio^MO^ jecently,sa polymorphismit (CYP3A4-W) has 
been, described in the nrfedipine-speeific respo.nse*eleniientoftth'e^GYP3A4 promoter (14). 
Its presence «assoeiates*with»a more^a*lvaneed«pro e t al. 

(15) examined this polymorphism in 99 de novo and 30 treatment-related leukemias. In all 
treatment-related cases, there was prior exposure to one or more anticancer drugs 
metabolized by CYP3A, such as epipodophyllotoxins. These data suggest that individuals 
with the CYP3A4-W polymorphism may be at increased risk for treatment-related leukemia 
and that epipodophyllotoxin metabolism by CYP3A4 may contribute to the secondary 
cancer risk. At present it is unclear if the polymorphism influences the expressivity or 
inductibility of the CYP3A4 protein. A first published analysis suggests that it has no effect 
on the basal expression level of CYP3A4 *(8). A point mutation was*,described in the 
CYP3A5 (9), whereas no mutations have beentreportedeifie CYP 3Afcv 



Experiments with amino acid exchanges artificially introduced into the CYP3A4 gene 
indicate that the function of the family members may be quite sensitive to amino acid 
exchanges (16-21). Besides amino acid exchanges, silent polymorphisms and those 
localized in untranslated or intronic sequences also could influence the expression level of 
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these genes. Alternatively, such polymorphisms could serve as markers for nearby, 
unidentified polymorphisms. This effect is known as linkage, i.e. defined polymorphisms 
serve as markers for phenotypes that they are not causative for. 

A major breakthrough in the understanding of the CYP3A expression and inducibility took 
place in 1 998 when three research groups independently showed that the expression ot 
CYP3A4 is regulated by a member of the orphan nuclear receptor family termed PXR 
(pregnane X receptor), or PAR (22-24). Upon treatment with inducers of CYP3A4, PXR 
binds to the rifampicin/dexamethasone response element in the CYP3A4 promoter as a 
heterodimer with the 9-cis retinoic acid receptor (RXR). Northern blot analysis detected 
most abundant expression of hPXR in liver, colon, and small intestine, i.e. in the major 
organs expressing CYP3A4. The available evidence suggests that human PXR serves as 
a key transcriptional regulator of the CYP3A4 gene. A recent report describes the 
induction of CYP3A7 mediated by PXR suggesting that all members of the family may be 
regulated by this common transcriptional activator (25). 

It is clear that naturally occurring mutations, if they exist can have effects on drug 
metabolization and efficacy of therapies with drugs, in particular in cancer treatment. It is 
unknown, however, how many of such variations exist, and with what frequency and at 
what positions in the human CYP3A4, CYP3A7 and hPXR genes. 

Accordingly, means and methods for diagnosing and treating a variety of forms of 
individual drug intolerability and inefficacy of drug therapy which result from CYP3A4, 
CYP3A7 and/or hPXR gene polymorphisms that interfere e.g., with chemotherapeutic 
treatment of diseases, in particular cancer, was hitherto not available but are nevertheless 
highly desirable. 



Thus, the technical problem of the present invention is to comply with the needs described 

-above; — 

The solution to this technical problem is achieved by providing the embodiments 
characterized in the claims. 
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Summary of the Invention 



The present invention is based on the finding of novel, so far unknown variations in the 
nucleotide, sequences, of the. CYP3A4, CYP3A7. and hPXR genes^and-the- population 
distribution of - these alleles. Based upon the knowledge of these novel- sequences 
diagnootio tooto and roagpnto for ouch tcoto wore design e d for t he specific UsleUiu ii and 
genotyping of CYP3A4, CYP3A7 and hPXR alleles in humans, including homozygous as 
well as heterozygous, frequent as well as rare alleles of the CYP3A4, CYP3A7 and hPXR 
genes. The determination of the CYP3A4, CYP3A7 and/or hPXR gene allele status of 
humans with such tests is useful for the optimization of therapies with the numerous 
substrates of CYP3A4 and CYP3A7. It may also be useful in the determination of the 
individual predisposition to several common cancers caused by environmental 
carcinogens. 

In a first embodiment, the, invention provides polynucleotides of-*moiecular variant 
CYP3A4, CYP3A7 andghPXR^geJessand emb^ as vectors, 

host cells, variant CYf3A4, CYP3A7 ahd^PXR'fiioteinsVanW^ 
same. 

In yet another embodiment^ 'invention pro^des^methodsiforr ideratilying -and obtaining 
drug candidates: antfihhibitors of CYP3A4, CYP3A7 anckhPXR. for^therapy.of disorders 
related to acquired drug hypo- or hypersensitivity as well as methods of diagnosing the 
status of such disorders. 

in a further embodiment, the invention provides pharmaceutical and diagnostic 
compositions comprising the above-described polynucleotides, vectors containing the 
same, proteins, antibodies thereto, and drugs and inhibitors obtainable by the above- 
described method. 

The pharmaceutical and diagnostic compositions, methods and uses*of the invention are 
useful for the diagnosis and treatment of cancer and- other diseases*he*herapy of which is 
dependent on clmgJte.atment_and:;toto 



i 



and hPXR genes according to the invention provide the potentiator the development of a 
pharmacodynamic profile of drugs for a given patient. 
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Description of the in vention 

The finding and characterization of variations in the CYP3A4, CYP3A7 and hPXR genes, 
and diagnostic tests for the discrimination of different CYP3A4, CYP3A7 and hPXR alleles 
in human individuals provide a very potent tool for improving the therapy of diseases with 
d r ugs that aie targets of the CYP3A4 or CY P 3A7 gene product, and whose metabo l izatio n 
is therefore dependent on CYP3A4 or CYP3A7. The diagnosis of the individual allelic 
CYP3A4, CYP3A7 and hPXR status permits a more focused therapy, e.g., by opening the 
possibility to apply individual dose regimens of drugs. It may also be useful as prognostic 
tool for therapy outcome. Furthermore, diagnostic tests to genotype CYP3A4, CYP3A7 
and hPXR, and novel CYP3A4, CYP3A7 and hPXR variants, will not only improve therapy 
with established drugs and help to correlate genotypes with drug activity or side effects. 
These tests and sequences also provide reagents for the development of novel inhibitors 
that specifically modulate the activity of the individual types of CYP3A4, CYP3A7 and 
hPXR. Expression in yeast, for example, of three allelic cDNAs encoding human liver 
CYP3A4 and methods for testing the binding properties and catalytic activities of their 
gene products have been described in (1 3). 

Thus, the present invention provides a novel way to exploit molecular biology and 
pharmalogical research for drug therapy while bypassing their potential detrimental effects 
which are due to expression of variant CYP3A4, CYP3A7 and hPXR genes. 

Accordingly, the invention relates to a polynucleotide selected from the group consisting 
of: 

(a) polynucleotides comprising a nucleotide sequence encoding the amino acid 
sequence encodable by a nucleotide sequence of SEQ ID NO: 86, 94 and/or 98; 

(b) polynucleotides comprising a nucleotide sequence encoding a molecular variant of 
the-cytochrome-CYP3A4^rotein4Dy-way-of-aUeastone^mino-acid-deletion ? -addition- 

and/or substitution at an amino acid position corresponding amino acid residue 
Gly56 in exon 3 of the CYP3A4 gene: 

(c) polynucleotides comprising a nucleotide sequence encoding a molecular variant of 
the cytochrome CYP3A7 protein by way of at least one amino acid deletion, addition 



and/or substitution, preferably at an amino acid position corresponding amino acid 
residue Thr 409 in exon 1 1 of the CYP3A7 gene; 

(d) polynucleotides comprising a nucleotide sequence of any one of SEQ ID NOS: 86, 
87, 90, 91, 94; 95 or 108; 

(e) polynucleotides comprising a nucleotide sequence of any oneW SEQ ID NOS: 98, 
99, 102, 103, 106 or 107 ; an d 



(f) polynucleotides comprising a nucleotide sequence encoding a CYP3A4 or CYP3A7 
polypeptide or fragment thereof having an epitope comprising an amino acid 
sequence encoded by the nucleotide sequence of SEQ ID NO: 86 and/or 94. 

In the context of the present invention the term "molecular variant" CYP3A4, CYP3A7 or 
hPXR gene or protein as used herein means that said CYP3A4, CYP3A7 or hPXR gene or 
protein differs from the~wild type-eYP3A4rCYP3A7' or hPXR gene or protein by way of 
nucleotide substitution^),* addition(s) and/bis deletion^ (Genominsfesequences of the 
CYP3A4, GYP3A^gepei*are described^forexaii»apte*B©Bk^ Bi5hCrTeraiii264 (1989), 910-9; 
Hashimoto^Eur J .Biochem 21 8~T1 9937; 585^5?£Be^urienPr6c Natl^cacb Sci USA .83 
(1 986); 8064-8; Malowa, Proc Natl. Acad ScLU.S A 83s(.1986), 531 1 -Succession numbers: 
M14096, J04449,~X1'2387, M1€907^Th v e*numbering^of -the^polynaoipisms refers to the 
sequence ^M1-409«orM;YP3^ the* referenee*sequemeeMs ^deserabed^in Komori, J 
Biochem (Tokyo) 105 (1989), 161-3; Accession number: gi4503232 and for the hPXR 
gene in Bertilsson, Proc Natl Acad Sci U S A. 95 (1998), 12208-13; Lehmann, J Clin 
Invest. 102 (1998), 1016-23; Accession numbers: AF061056, AF084645, AF084644. The 
numbering of the polymorphisms refers to the sequence AF084645). Preferably, said 
nucleotide substitution(s) result(s) in a corresponding change in the amino acid sequence 
of the CYP3A4, CYP3A7 or hPXR protein. 



< 



In accordance-with the present invention; the*.mode>and population, distribution of novel so 
far unidentified genetic Variations in the CYP3ft4yCYP3A7 and- hPXR g ene hav e been 
analyzed by sequence analysis of relevant regions of the. human CYP3A4, CYP3A7 and 
hPXR genes from many different individuals. It is a well known fact that genomic DNA of 
individuals, which harbor the individual genetic makeup of all genes, including CYP3A4, 
CYP3A7 and hPXR can easily be purified from individual blood samples. These individual 
DNA samples are then used for the analysis of the sequence composition of the CYP3A4, 
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CYP3A7 and hPXR gene alleles that are present in the individual which provided the blood 
sample. The sequence analysis was carried out by PCR amplification of relevant regions 
of the CYP3A4, CYP3A7 and hPXR gene, subsequent purification of the PCR products, 
followed by automated DNA sequencing with established methods (ABI dyeterminator 
cycle sequencing). 

One important parameter that had to b e considorod i n tho attempt to de term ine the 
individual CYP3A4, CYP3A7 and/or hPXR genotype and identify novel CYP3A4, CYP3A7 
or hPXR variants by direct DNA-sequencing of PCR-products from human blood genomic 
DNA is the fact that each human harbors (usually, with very few abnormal exceptions) two 
gene copies of each autosomal gene (diploidy). Because of that, great care had to be 
taken in the evaluation of the sequences to be able to identify unambiguously not only 
homozygous sequence variations but also heterozygous variations. The details of the 
different steps in the identification and characterization of novel CYP3A4, CYP3A7 and 
hPXR gene polymorphisms (homozygous and heterozygous) are described in the 
examples below. 



The mutations in the CYP3A4, CYP3A7 and hPXR genes detected in accordance with the 
present invention are illustrated in Figure 5 and 6, respectively (indicated by an arrow). 
The methods of the mutation analysis followed standard protocols and are described in 
detail in the examples. In general such methods to be used in accordance with the present 
invention for evaluating the phenotypic spectrum as well as the overlapping clinical 
characteristics with other forms of drug metabolization and altered tolerance to drugs in 
patients with mutations in the CYP3A4, CYP3A7 or hPXR gene encompass for example 
haplotype analysis, single-strand conformation polymorphism analysis (SSCA), PCR and 
direct sequencing. On the basis of thorough clinical characterization of many patients the 
phenotypes can then be correlated to these mutations as well as to mutations that had 
been described earlier. 



As is evident to the person skilled in the art this new molecular genetic knowledge can now 
be used to exactly characterize the genotype of the index patient where a given drug takes 
an unusual effect and of his family. 
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Over the past 20 years, genetic heterogeneity has been increasingly recognized as a 
significant source of variation in drug response. Many scientific communications (Meyer, 
Ann. Rev. Pharmacol. Toxicol. 37 (1997), 269-296 and West, J. Clin. Pharmacol. 37 
(1997), 635-648) have clearly shovyn- that some drugs work better or. may even be highly 
toxic in some- patients than in others and that, these variations in patient's responses to 
drugs c a n be r e lat e d to molocular basi s v This "pharmacogonomic" concept opoto 
correlations between responses to drugs and genetic profiles of patient's (Marshall, Nature 
Biotechnology, 15 (1997), 954-957; Marshall, Nature Biotechnology, 15 (1997), 1249- 
1252). 

In this context of population variability with regard to drug therapy, pharmacogenomics has 
been proposed as a tool useful in the identification and selection of patients which can 
respond to a particular drug without side effects. This identification/selection can be based 
upon moleculamdiagnosis oogenetic; polymorphisms *by genotyping DNA*from leukocytes 
in the blood of patient, for example, >and characterization, of ~disease^(Bertz, Clin. 
Pharmacokinet. 32 (1997)T'21 0^56^EtigeU J. ChromatograrB, Biomed .^ppf, 678 (1996); 
93-103). For the providers .of,.health;Care, such as health maintenance organizations in the 
US and government ^ M public*:'health se^ices^ in many European countries, this 
pharmacogenomics approach- can represent ra way of both- improving^ health - care and 
reducing overheads because there is a large cost to unnecessary therapies, ineffective 
drugs and drugs with side effects. 



The mutations in the variant CYP3A4, CYP3A7 and hPXR genes sometime result in amino 
acid deletion(s), insertion(s) and in particular in substitution(s) either alone or in 
combination. It is of course also possible to genetically engineer such mutations in wild 
type genes or other mutant forms. Methods for introducing such modifications in the DNA 
sequence of CYP3A4, CYP3A7 or hPXR generarei well khowato4he?person skilled in the 
-arfc^ee,_e^g A> Sambrook, Molec ular Clo n ing A Laborator y. Man.iai, nhM gpnng^Harbor 
Laboratory (1989) N.Y. 

In a preferred embodiment of the invention, the above described polynucleotide encodes a 
variant CYP3A4, CYP3A7 or hPXR protein or fragment thereof, e.g., comprising one or 
more epitopes of the amino acid sequence encoded by SEQ ID NOS: 86 and 94. 
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For the investigation of the nature of the alterations in the amino acid sequence of the 
CYP3A4, CYP3A7 and hPXR proteins computer programs may be used such as 
BRASMOL that are obtainable from the Internet. Furthermore, folding simulations and 
computer redesign of structural motifs can be performed using other appropriate computer 
programs (Olszewski, Proteins 25 (1996), 286-299; Hoffman, Comput. Appl. Biosci. 11 
(1995), b/6-e/yj. computers can be used for the conformational and energetic analysis of 
detailed protein models (Monge, J. Mol. Biol. 247 (1995), 995-1012; Renouf, Adv. Exp. 
Med. Biol. 376 (1995), 37-45). These analysis can be used for the identification of the 
influence of a particular mutation on binding and/or metabolization of drugs. 

Usually, said amino acid deletion, addition or substitution in the amino acid sequence of 
the protein encoded by the polynucleotide of the invention is due to one or more nucleotide 
substitution, insertion or deletion, or any combinations thereof. Preferably said nucleotide 
substitution, insertion or deletion results in an amino acid substitution of Gly56 to Asp in 
exon 3 of the CYP3A4 gene and/or Thr409 to Arg in exon 1 1 of the CYP3A7 gene. 

The polynucleotide of the invention may further comprise at least one nucleotide and 
optionally amino acid deletion, addition and/or substitution other than those specified 
hereinabove, for example those described in the prior art; e.g.,(13). This embodiment of 
the present invention allows the study of synergistic effects of the mutations in the 
CYP3A4, CYP3A7 or hPXR gene on the pharmalogical profile of drugs in patients who 
bear such mutant forms of the gene or similar mutant forms that can be mimicked by the 
above described proteins. It is expected that the analysis of said synergistic effects 
provides deeper insights into drug tolerant or sensitive phenotypes of certain forms of 
cancer and other diseases. From said deeper insight the development of diagnostic and 
pharmaceutical compositions related to cancer will greatly benefit. 



-T^usHn-a^referred^mbodimentr^e-present-inventioTrTei mes to po l ynuc leotides~of" 
molecular variant CYP3A4, CYP3A7 and hPXR genes, wherein the nucleotide deletion, 
addition and/or substitution result in altered expression of the variant CYP3A4, CYP3A7 or 
hPXR gene compared to the corresponding wild type gene. 
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The polynucleotide of the invention may be, e.g., DNA, cDNA, genomic DNA, RNA or 
synthetically produced DNA or RNA or a recombinant^ produced chimeric nucleic acid 
molecule comprising any of those polynucleotides either alone or in combination. 
Preferably said polynucleotide is part of a vector, particularly plasmids, cosmids, viruses 
and bacteriophages used conventionally in genetic engineering ; that comprise a 
polynucleotide of the inventio n. Such vectors may comprise further genes such as marker 
genes which allow for the selection of said vector in a suitable host cell and under suitable 
conditions. 

In a further preferred embodiment of the vector of the invention, the polynucleotide of the | 
invention is operatively linked to expression control sequences allowing expression in 
prokaryotic or eukaryotic cells. Expression of said polynucleotide comprises transcription 
of the polynucleotide, preferably into a translatable mRNA. Regulatory elements ensuring 
expression in eukaryotic cells, preferably mammaliam&cells, are welhknown to those skilled 
in the art^ They^usually comprisejregulatory seqyewGesnensunflg 4nitiiti6ri^of transcription 
and optionally poiy-A signal^risuring teifninfiatibh of transcription^ of the 

transcript. Additional regulatqfy ^elements ^may include • trapscriptional as well as 
translational enhancers. Possible regulatory elements^permitting expression in prokaryotic 
host cells-comprise^ E. eo/r, and examples for regulatory 

elements permitting expression in eukaryotic host cells are the AOX1 or GAL1 promoter in 
yeast or the CMV-, SV40- , RSV-promoter (Rous sarcoma virus), CMV-enhancer, SV40- ( 
enhancer or a globin intron in mammalian and other animal cells. Beside elements which 
are responsible for the initiation of transcription such regulatory elements may also 
comprise transcription termination signals, such as the SV40-poly-A site or the tk-poly-A 
site, downstream of the polynucleotide. In this context, suitable expression vectors are 
known in the art such as Okayama-Berg cDNA expression vector pcDV1 (Pharmacia), 
pCDM8, pRc/CMV, pcDNAI, pcDNA3 (In-vitrogene), pSPORTI (GIBCO BRL), Preferably, 

said-vector-is-an-expression^ 

vectors derived from viruses such as retroviruses, vaccinia virus, adeno-associated virus, 
herpes viruses, or bovine papilloma virus, may be used for delivery of the polynucleotides 
or vector of the invention into targeted cell population. Methods which are well known to 
those skilled in the art can be used to construct recombinant viral vectors; see, for 
example, the techniques described in Sambrook, Molecular Cloning A Laboratory Manual, 
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Cold Spring Harbor Laboratory (1989) N.Y. and Ausubel, Current Protocols in Molecular 
Biology, Green Publishing Associates and Wiley Interscience, N.Y. (1994). Alternatively, 
the polynucleotides and vectors of the invention can be reconstituted into liposomes for 
delivery to target cells. 

The present invention furthermore relat e s to host cette l i ai i bfuimed with a polynucleotide 
or vector of the invention. Said host cell may be a prokaryotic or eukaryotic cell; see supra. 
The polynucleotide or vector of the invention which is present in the host cell may either be 
integrated into the genome of the host cell or it may be maintained extrachromosomally. In 
this respect, it is also to be understood that the recombinant DNA molecule of the 
invention can be used for "gene targeting" and/or "gene replacement", for restoring a 
mutant gene or for creating a mutant gene via homologous recombination; see for 
example Mouellic, Proc. Natl. Acad. Sci. USA, 87 (1990), 4712-4716; Joyner, Gene 
Targeting, A Practical Approach, Oxford University Press. 

The host cell can be any prokaryotic or eukaryotic cell, such as a bacterial, insect, fungal, 
plant, animal or human cell. Preferred fungal cells are, for example, those of the genus 
Saccharomyces, in particular those of the species S. cerevisiae. The term "prokaryotic" is 
meant to include all bacteria which can be transformed or transfected with a polynucleotide 
for the expression of a variant CYP3A4, CYP3A7 or hPXR protein or fragment thereof. 
Prokaryotic hosts may include gram negative as well as gram positive bacteria such as, for 
example, E. coli, S. typhimurium, Serratia marcescens and Bacillus subtUis. A 
polynucleotide coding for a mutant form of CYP3A4, CYP3A7 and hPXR variant proteins 
can be used to transform or transfect the host using any of the techniques commonly 
known to those of ordinary skill in the art. Methods for preparing fused, operably linked 
genes and expressing them in bacteria or animal cells are well-known in the art 
(Sambrook, supra). The genetic constructs and methods described therein can be utilized 
for expression of variant CYP3A4, CYP3A7 and hPXR proteins in, e.g., prokaryotic hosts. 
lrLgeneiaJ,j5xpj^ 



transcription of the inserted polynucleotide are used in connection with the host. The 
expression vector typically contains an origin of replication, a promoter, and a terminator, 
as well as specific genes which are capable of providing phenotypic selection of the 
transformed cells. The transformed prokaryotic hosts can be grown in fermentors and 
cultured according to techniques known in the art to achieve optimal cell growth. The 
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proteins of the invention can then be isolated from the grown medium, cellular lysates, or 
cellular membrane fractions. The isolation and purification of the microbially or otherwise 
expressed^p^pj^e^oiibe invention, may,be .by any conventiomal^means such as, for 

asthose«inv©Mng'^ 



Thus, in a further embodiment the invention relates to a method for the production of 
variant CYP3A4, CYP3A7 and hPXR proteins and fragments thereof comprising culturing 
a host cell as defined above under conditions allowing the expression of the protein and 
recovering the produced protein or fragment from the culture. 

In another embodiment the present invention relates to a method for producing cells 

capable^f*extDressing^ 

geneti<ally*engi^ 
cells ©btainiableib^^ 

accordingfctp AheMne^^^^ 

clonings labojai^pa^^^ Harbour; 
PeyronneaupEuTW^fi^^ 6 (1 995) ' 

21 67-2170. FulthtJfmx^^ 

derivatives thereof for their ability to complement loss of drug efficacy caused by mutations 
in the CYP3A4, CYP3A7 or hPXR gene. For these embodiments the host cells preferably 
lack a wild type allele, preferably both alleles of the CYP3A4, CYP3A7 and/or hPXR gene 
and/or have at least one mutated from thereof. Alternatively, strong overexpression of a 
mutated allele over the normal allele and comparison with a recombinant cell line 
overexpressing the normal allele at a similar level may be used as a screening and 
analysis system. The cells obtainable by the^above-deseribed-method may also be used 
for the screening methodrreferred to'lueseini&belew.- 



Furthermore, the invention relates to variant CYP3A4, CYP3A7 and hPXR proteins and 
fragments thereof encoded by a polynucleotide according to the invention or obtainable by 
the above-described methods or from cells produced by the method described above. In 
this context it is also understood that the variant CYP3A4, CYP3A7 and hPXR proteins 
according to the invention may be further modified by conventional methods known in the 
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art. By providing the variant CYP3A4, CYP3A7 and hPXR proteins according to the 
present invention it is also possible to determine the portions relevant for their biological 
activity or inhibition of the same. 

The present invention furthermore relates to antibodies specifically recognizing a variant 
CYP3A4, CYP 3 A7 or hPXR proto i n according to the invention. Advantageously, the 
antibody specifically recognizes an epitope containing one or more amino acid 
substitution(s) as defined above 

Antibodies against the variant CYP3A4, CYP3A7 or hPXR protein of the invention can be 
i prepared by well known methods using a purified protein according to the invention or a 
(synthetic) fragment derived therefrom as an antigen. Monoclonal antibodies can be 
prepared, for example, by the techniques as originally described in Kohler and Milstein, 
Nature 256 (1975), 495, and Galfre. Meth. Enzymol. 73 (1981), 3, which comprise the 
fusion of mouse myeloma cells to spleen cells derived from immunized mammals. The 
antibodies can be monoclonal antibodies, polyclonal antibodies or synthetic antibodies as 
well as fragments of antibodies, such as Fab, Fv or scFv fragments etc. Furthermore, 
antibodies or fragments thereof to the aforementioned polypeptides can be obtained by 
using methods which are described, e.g., in Harlow and Lane "Antibodies, A Laboratory 
Manual", CSH Press, Cold Spring Harbor, 1988. These antibodies can be used, for 
example, for the immunoprecipitation and immunolocalization of the variant CYP3A4, 
CYP3A7 and hPXR proteins of the invention as well as for the monitoring of the presence 
of such variant CYP3A4, CYP3A7 and hPXR proteins, for example, in transgenic 
organisms, and for the identification of compounds interacting with the proteins according 
to the invention. For example, surface plasmon resonance as employed in the BIAcore 
system can be used to increase the efficiency of phage antibodies which bind to an 
epitope of the protein of the invention (Schier, Human Antibodies Hybridomas 7 (1996), 
97-105; Malmborg, J. Immunol. Methods 183 (1995), 7-13). 

Furthermore, the present invention relates to nucleic acid molecules which represent or 
comprise the complementary strand of any of the above described polynucleotides or a 
part thereof, thus comprising at least one nucleotide difference compared to the 
corresponding wild type CYP3A4, CYP3A7 and hPXR gene nucleotide sequences 
specified by the above described nucleotide substitutions, deletions and additions. Such a 
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molecule may either be a deoxyribonucleic acid or a ribonucleic acid. Such molecules 
comprise, for example, antisense RNA. These molecules may furthermore be linked to 
sequences which when transcribed code for a ribozyme thereby producing a ribozyme 
whichtsp^eifij^ invention 



F u r th ^ rm ^ r ^^ 

according to the invention. Examples for such vectors are described above. Preferably, the 
nucleic acid molecule present in the vector is operatively linked to regulatory elements 
permitting expression in prokaryotic or eukaryotic host cells; see supra. 

The present invention also relates to a method for the production of a transgenic non- 
human animal, preferably transgenic mouse, comprising introduction of a polynucleotide or 
vector of the lih^nti^intcu^a Qejfs^ 'an*eg§ or a cell 

derived M therefr@iim^ of 
the inygntii^ftdes^ have a 

disorde:r«prefe?a^ CYP3A7 
and/oisthP^l^gQ^ 

studies*Qf/d^ CYP3A4, 
CYP3A7 and*lgp^^ are 
conserved between species in higher eukaryotes, particularly in mammals. Production of 
transgenic embryos and screening of those can be performed, e.g., as described by A. L. 
Joyner Ed., Gene Targeting, A Practical Approach (1993), Oxford University Press. The 
DNA of the embryos can be analyzed using, e.g., Southern blots with an appropriate 
probe. 



The invention also^relates to transgenic non-human^animals^suchias-transgenic mouse, 
rats,-hamstens, dogs^monk^y^rabbits^pig^ifjiC. elegajps^andfcfishfsuGh»asitprpedo fish 
comprisirfg^pQ 



above, preferably wherein said polynucleotide or vector is stably integrated into the 
genome of said non-human animal, preferably such that the presence of said 
polynucleotide or vector leads to the expression of the variant CYP3A4, CYP3A7 and/or 
hPXR gene of the invention. It may have one or several copies of the same or different 
polynucleotides of the variant CYP3A4, CYP3A7 or hPXR gene. This animal has 
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numerous utilities, including as a research model for drug tolerability and therefore, 
presents a novel and valuable animal in the development of therapies, treatment, etc. for 
diseases caused by deficiency or failure of drug metabolization in the cell. Accordingly, in 
this instance, the mammal is preferably a laboratory animal such as a mouse or rat. 

Preferah l y, the transgenic non - human animal of the invention f urtliwi comprises at least 
one inactivated wild type allele of the CYP3A4, CYP3A7 and/or hPXR gene. This 
embodiment allows for example the study of the interaction of various variant forms of 
CYP3A4, CYP3A7 and hPXR proteins. It might be also desirable to inactivate CYP3A4, 
CYP3A7 and/or hPXR gene expression or function at a certain stage of development 
and/or life of the transgenic animal. This can be achieved by using, for example, tissue 
specific, developmental and/or cell regulated and/or inducible promoters which drive the 
expression of, e.g., an antisense or ribozyme directed against the RNA transcript of the 
CYP3A4, CYP3A7 or hPXR gene; see also supra. A suitable inducible system is for 
example tetracycline-regulated gene expression as described, e.g., by Gossen and Bujard 
(Proc. Natl. Acad. Sci. 89 USA (1992), 5547-5551) and Gossen et al. (Trends Biotech. 12 
(1994), 58-62). Similar, the expression of the variant CYP3A4, CYP3A7 and hPXR gene 
may be controlled by such regulatory elements. 



With the variant CYP3A4, CYP3A7 and hPXR polynucleotides and proteins and vectors of 
the invention, it is now possible to study in vivo and in vitro the efficiency of drugs in 
relation to particular mutations in the CYP3A4, CYP3A7 or hPXR gene of a patient and the 
affected phenotype. Furthermore, the variant CYP3A4, CYP3A7 and hPXR proteins of the 
invention can be used to determine the pharmacological profile of drugs and for the 
identification and preparation of further drugs which may be more effective for the 
treatment of, e.g., cancer, in particular for the amelioration of certain phenotypes caused 
by the respective mutations such as those described above. 



Thus, a particular object of the present invention concerns drug/pro-drug selection and 
formulation of pharmaceutical compositions for the treatment of diseases which are 
amenable to chemotherapy taking into account the polymorphism of the variant form of the 
CYP3A4, CYP3A7 or hPXR gene that cosegregates with the affected phenotype of the 
patient to be treated. This allows the safe and economic application of drugs which for 



18 



example were hitherto considered not appropriate for therapy of, e.g., cancer due to either 
their side effects in some patients and/or their unreliable pharmalogical profile with respect 
to the same or different phenotype(s) of the disease. The means and methods described 
herein can bemused, fbnexamplev to improve dosing: recpmmendations^nd.allQws the 
prescriber to anticipate necessary dose adjustments depending omthe considered patient 
group. __ 



In a further embodiment the present invention relates to a method of identifying and 
obtaining an CYP3A4, CYP3A7 or hPXR inhibitor capable of modulating the activity of a 
molecular variant of the CYP3A4, CYP3A7 or hPXR gene or its gene product comprising 
the steps of 

(a) contacting the variant CYP3A4, CYP3A7 or hPXR protein or a cell expressing a 
molecular variant gene comprising a polynucleotide of the invention in the presence 
of components ^capableKof * providing , a detectable^signal^in -response to drug 
metabbli^tion, witfosa^ to permjt 

CYP3A4or CYP3A7>mediated dnjg^metaboliza^io^nd. 

detecting' the presence or absence :^ of a signal: generated 

tom*he>?metaboli^ sjgna| js 

indicative^for aiputatiVeHnhibitorft" 



(b) 



i 



The term "compound" in a method of the invention includes a single substance or a 
plurality of substances which may or may not be identical. 

Said compound(s) may be chemically synthesized or produced via microbial fermentation 
but can also be comprised in, for example, samples, e.g., cell extracts from, e.g., plants, 
animals or microorganisms. Furthermore, said compounds may be known in the art but 
hitherto not known to be useful as an inhibitor, respectively. The plurality of compounds 
may be;*e;g., added to the culture medium or injected«into a cell ©r, non-human animal of 
the invention". • 



If a sample containing (a) compound(s) is identified in the method of the invention, then it 
is either possible to isolate the compound from the original sample identified as containing 
the compound, in question or one can further subdivide the original sample, for example, if 
it consists of a plurality of different compounds, so as to reduce the number of different 
substances per sample and repeat the method with the subdivisions of the original sample. 
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It can then be determined whether said sample or compound displays the desired 
properties, for example, by the methods described herein or in the literature (e.g. (13) and 
Lehmann, J Clin Invest 102 (1998), 1016-23). Depending on the complexity of the 
samples, the steps described above can be performed several times, preferably until the 
sample identified according to the method of the invention only comprises a limited 
number of or only one substance(s). Preferably said sample comprises substances of 
similar chemical and/or physical properties, and most preferably said substances are 
identical. The methods of the present invention can be easily performed and designed by 
the person skilled in the art, for example in accordance with other cell based assays 
0 described in the prior art or by using and modifying the methods as described herein. 
Furthermore, the person skilled in the art will readily recognize which further compounds 
and/or enzymes may be used in order to perform the methods of the invention, for 
example, enzymes, if necessary, that convert a certain compound into the precursor which 
in turn represents a substrate for the CYP3A4 or CYP3A7 protein. Such adaptation of the 
method of the invention is well within the skill of the person skilled in the art and can be 
performed without undue experimentation. 

Suitable assays which can be employed in accordance with the present invention are 
described, for example, in Hashimoto, Eur J Biochem 218 (1993), 585-95 wherein 
transfection assays with chimeric CYP3A4 genes in HepG2 cells are described. Similarly, 
the variant CYP3A4, CYP3A7 and/or hPXR genes can be expressed or co-expressed in 
HepG2 cells and analyzed for their transcriptional activity and catalytic properties of 
CYP3A4 or CYP3A7. Such an assay can also be used for studying the catalytic properties 
of the CYP3A4 and CYP3A7 on its substrates such as steroids (testosterone, 
progesterone, androstenedione, Cortisol, 17(i-oestradiol, 17a-ethynyloestradiol), antibiotics 
(erythromycin), immunosuppressive (cyclosporine A), benzodiazepine (midazolam), 
benzothiazepine derivatives (diltiazem, triazolam), and nifedipine. In particular, such tests 
are^seftiUo^dd^n-predteting^^ 

the respective variant CYP3A4, CYP3A7 and/or hPXR gene. A suitable expression system 
which can be employed in accordance with above described methods of the present 
invention is also described in (22). In addition heterologous expression systems such as 
yeast can be used in order to study the stability, binding properties and catalytic activities 
of the gene products of the variant CYP3A4, CYP3A7 and hPXR genes compared to the 
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corresponding wild type gene product. As mentioned before, the molecular variant 
CYP3A4, CYP3A7 and hPXR genes and their gene products, particularly when employed 
in the above described methods, can be used for pharmacological and toxicological 
studies of the metabolism of drugs. Preferred xlrugs^to be tested^in accordance with the 
methods of the present invention comprise those.deseribed above and include, but are not 
limit e d to nif e dipine, erythromycin, tro l eandomycin, quinidine, cyclosporin A, 17 a- 
ethynylestradiol, lidocaine, diltiazem, dexamethasone, RU486, see also supra. 
Compounds which can be used in accordance with the present invention include peptides, 
proteins, nucleic acids, antibodies, small organic compounds, ligands, peptidomimetics, 
PNAs and the like. Said compounds can also be functional derivatives or analogues of 
known drugs such as from those described above. Methods for the preparation of 
chemical derivatives and analogues are well known to those skilled in the art and are 
described in, for example; ^ New 
York Inc., 175 Fifth^venue^New. York> |^^; 100^^.Sm^andtOr^§pic Synthesis, Wiley, 
New York, *USAv4Fi^ for their 

effects according to ^methods known in th6 %rtipr#asJkd^ peptide 
mimetics and/or computer aicted^esigjf^ analogues can 

be used, for examptefiaG<3<^ comprise 
molecules having; a$^ and/br 
inhibitors and/or modulators; see infra. 

Appropriate computer programs can be used for the identification of interactive sites of a 
putative inhibitor and the CYP3A4, CYP3A7 or hPXR protein of the invention by computer 
assistant searches for complementary structural motifs (Fassina, Immunomethods 5 
(1994), 114-120). Further appropriate computer systems for the computer aided design of 
protein and peptides are described in the prior art, for example, in Berry, Biochem. Soc. 
Trans. 22 (199% 1033^03$^ Wodak, Ann. N. Y. Acad. Sci. 501 (1987), 1-13; Pabo, 
Biochemistry 25, (1986fe 5987-599%. The* -results^ obtained^fromrthe above-described 
>mputer-analysis^ 

optimizing known inhibitors. Appropriate peptidomimetics and other inhibitors can also be 
identified by the synthesis of peptidomimetic combinatorial libraries through successive 
chemical modification and testing the resulting compounds, e.g., according to the methods 
described herein. Methods for the generation and use of peptidomimetic combinatorial 
libraries are described in the prior art, for example in Ostresh, Methods in Enzymology 267 
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(1996), 220-234 and Dorner, Bioorg. Med. Chem. 4 (1996), 709-715. Furthermore, the 
three-dimensional and/or crystallographic structure of inhibitors and the CYP3A4, CYP3A7 
or hPXR protein of the invention can be used for the design of peptidomimetic drugs 
(Rose, Biochemistry 35 (1996), 12933-12944; Rutenberg, Bioorg. Med. Chem. 4 (1996) 
1545-1558). 



In summary, the present invention provides methods for identifying and obtaining 
compounds which can be used in specific doses for the treatment of specific forms of 
diseases, e.g., cancer the chemotherapy of which is complicated by malfunctions of the 
CYP3A4, CYP3A7 or hPXR gene often resulting in an altered activity or level of drug 
metabolization or sensitive phenotype. 



In a preferred embodiment of the method of the invention said cell is a cell of or, obtained 
by the method of the invention or is comprised in the above-described transgenic non- 
human animal. 

In a further embodiment the present invention relates to a method of identifying and 
obtaining an CYP3A4, CYP3A7 or hPXR inhibitor capable of modulating the activity of a 
molecular variant of the CYP3A4, CYP3A7 or hPXR gene or its gene product comprising 
the steps of 

(a) contacting the variant CYP3A4, CYP3A7 or hPXR protein of the invention with a 
first molecule known to be bound by CYP3A4, CYP3A7 or hPXR protein to form a 
first complex of said protein and said first molecule; 

(b) contacting said first complex with a compound to be screened; and 

(c) measuring whether said compound displaces said first molecule from said first 
complex. 

-Advantageousjy, in said metho d_said_measuring-step-comprises-measuring-the-formation- 
of a second complex of said protein and said inhibitor candidate. Preferably, said 
measuring step comprises measuring the amount of said first molecule that is not bound to 
said protein. 
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In a particularly preferred embodiment of the above-described method of said first 
molecule is nifedipine, rifampicine or corticosterone. Furthermore, it is preferred that in the 
method of the invention said first molecule is labeled, e.g., with a radioactive or fluorescent 
label. 

In a gtill further arnhnriimant thft p r esent invention relatfts tn a mftthnri nf diagnos i ng a 

disorder related to the presence of a molecular variant CYP3A4, CYP3A7 or hPXR gene 
or susceptibility to such a disorder comprising 

(a) determining the presence of a polynucleotide of the invention in a sample from a 
subject; and/or ( 

(b) determining the presence of a variant form of CYP3A4, CYP3A7 or hPXR protein, 
for example, with the antibody of the invention. 

In accordance with thistiembodimentrOf the present invention, the»,method of testing the 
status, of a « 'disorder or*suseeptibili%Ktto such? a disordewcan^beMeffelfeted; by using,a 
polynucleotide *©r a nucl@ie*acid-molecule of the invention/e.g:, inthe*form of a Southern 
or Northern blot wl in situ. analysis^aid>nuelele,acid sequence^mayjiybridize to a coding 
region rof eitlndr^f-the^genes ^or^to a^ n case that a 

complememtaiy^sequeneews employedwin the^metli>.0d^©fithe^invei5tl6W^said' nucleic acid 
molecule can again be used in Northern blots. Additionally, said testing can be done in 
conjunction with an actual blocking, e.g., of the transcription of the gene and thus is , 
expected to have therapeutic relevance. Furthermore, a primer or oligonucleotide can also 
be used for hybridizing to one of the above-mentioned CYP3A4, CYP3A7 or hPXR genes 
or corresponding mRNAs. The nucleic acids used for hybridization can, of course, be 
conveniently labeled by incorporating or attaching, e.g., a radioactive or other marker. 
Such markers- are well knowm»in the art? The labeling of said nucleic acid molecules can be 
effected by conventional methods. 

AdditibnallyVthis<#resemce;;Q^ genes 
can be monitored -by using^a primer pair that specifically hybridizes to either of the 
corresponding nucleic acid sequences and by carrying out a PCR reaction according to 
standard procedures. Specific hybridization of the above mentioned probes or primers 
preferably occurs at stringent hybridization conditions. The term "stringent hybridization 
conditions" is well known in the art; see, for example, Sambrook et al., "Molecular Cloning, 

[PrimediWliloaol 
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A Laboratory Manual" second ed., CSH Press, Cold Spring Harbor, 1989; "Nucleic Acid 
Hybridisation, A Practical Approach", Hames and Higgins eds., IRL Press, Oxford, 1985. 
Furthermore, the mRNA, cRNA, cDNA or genomic DNA obtained from the subject may be 
sequenced to identify mutations which may be characteristic fingerprints of mutations in 
the CYP3A4, CYP3A7 and hPXR gene. The present invention further comprises methods 
wher e in such a fingerprint may bo gen e rated by RFL P s of DNA o r RNA obtained from the 
subject, optionally the DNA or RNA may be amplified prior to analysis, the methods of 
which are well known in the art. RNA fingerprints may be performed by, for example, 
digesting an RNA sample obtained from the subject with a suitable RNA-Enzyme, for 
example RNase T 1f RNase T 2 or the like or a ribozyme and, for example, 
etectrophoretically separating and detecting the RNA fragments as described above. 
Further modifications of the above-mentioned embodiment of the invention can be easily 
devised by the person skilled in the art, without any undue experimentation from this 
disclosure; see, e.g., the examples. An additional embodiment of the present invention 
relates to a method wherein said determination is effected by employing an antibody of the 
invention or fragment thereof. The antibody used in the method of the invention may be 
labeled with detectable tags such as a histidine flags or a biotin molecule. 



In a preferred embodiment of the present invention, the above described methods 
comprise PCR, ligase chain reaction, restriction digestion, direct sequencing, nucleic acid 
amplification techniques, hybridization techniques or immunoassays (Sambrook et al., loc. 
cit. CSH cloning, Harlow and Lane loc. cit. CSH antibodies). 



In a preferred embodiment of the method of the present invention said disorder is cancer. 

In a further embodiment of the above-described method, a further step comprising 
administering to the subject a medicament to abolish or alleviate said variations in the 

_C^P3^,^P3A7Lor_hPXR_geneJn-accordance^ 

invention allows treatment of a given disease before the onset of clinical symptoms due to 
the phenotype response caused by the CYP3A4, CYP3A7 or hPXR gene. 



In a preferred embodiment of the method of the invention said medicament are 
chemotherapeutic agents such as substrates of CYP3A4: paclitaxen (Eur J Drug Metab 
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Pharmacokinet 23 (1998), 417-24), tamoxifen and toremifene (Drug Metab Dispos 
27(1999), 681-8; Clin Pharmacol Ther 64 (1998), 648-54; Clin Pharmacol Ther 57 (1995), 
628-35), trofosfamide (Cancer Chemother Pharmacol 44(1999), 327-334), 
cyclophosphamide and ifosfamide (Drug M etab Dispos*27 (1 999), 655*66; Cancer Res 58 
(1998), 4391-401 ; Br J Clin Pharmacol 40 (1 995), 523-30), taxotere (Pharmacogenetics 8 
(1998), 391 - 401; C l arke , Cl i n Pharmacokinet 36 (1999), 99-114), 



In another preferred embodiment of the above-described methods, said method further 
comprises introducing 

(i) a functional and expressible wild type CYP3A4, CYP3A7 or hPXR gene or 

(ii) a nucleotide acid molecule or vector of the invention into cells. 



< 



In this context and as used through CYP3A7 
and hPXR g§ne means*^ ge^ part or all of the 

primary structural*^ protein/i.e. 
possessing ^etiological pr®^^ controlling the CYP3A4, 

CYP3A7 gene, respectivet^ suited for therapy 

of cancer in particular in ^hurnans^Detectiomfof the^expressiemp&fea ^variant, CYP3A4 or 
CYP3A7 and/M*R^^ interrelated 
to the generation or maintenance of a corresponding phenotype of the disease. 
Accordingly, a step would be applied to reduce the expression level to low levels or abolish 
the same. This can be done, for example, by at least partial elimination of the expression 
of the mutant gene by biological means, for example, by the use of ribozymes, antisense 
nucleic acid molecules, intracellular antibodies or the above described inhibitors against 
the variant forms of these CYP3A4, CYP3A7 and/or hPXR proteins. Furthermore, 
pharmaceutieateproducts may be developed that reduce the expression levels of the 
corresponding Iputant proteins*and gefies. 



In a further embodiment. the invention relates to a method for the production of a 
pharmaceutical composition comprising the steps of any one of the above described 
methods and synthesizing and/or formulating the compound identified in step (b) or a 
derivative or homologue thereof in a pharmaceutical^ acceptable form. The therapeutically 
useful compounds identified according to the method of the invention may be formulated 
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and administered to a patient as discussed above. For uses and therapeutic doses 
determined to be appropriate by one skilled in the art see infra. 

Furthermore, the present invention relates to a method for the preparation of a 
pharmaceutical composition comprising the steps of the above-described methods; and 
formulating a drug or pro - drug in the form suitable lui the r apeutic appl i cation and 
preventing or ameliorating the disorder of the subject diagnosed in the method of the 
invention. 

Drugs or pro-drugs after their in vivo administration are metabolized in order to be 
eliminated either by excretion or by metabolism to one or more active or inactive 
metabolites (Meyer, J. Pharmacokinet. Biopharm. 24 (1996), 449-459). Thus, rather than 
using the actual compound or inhibitor identified and obtained in accordance with the 
methods of the present invention a corresponding formulation as a pro-drug can be used 
which is converted into its active in the patient. Precautionary measures that may be taken 
for the application of pro-drugs and drugs are described in the literature; see, for review, 
Ozama, J. Toxicol. Sci. 21 (1996), 323-329). 

In a preferred embodiment of the method of the present invention said drug or prodrug is a 
derivative of a medicament as defined hereinbefore. 



In a still further embodiment the present invention relates to an inhibitor identified or 
obtained by the method described hereinbefore. Preferably, the inhibitor binds specifically 
to the variant CYP3A4, CYP3A7 or hPXR protein of the invention. The antibodies, nucleic 
acid molecules and inhibitors of the present invention preferably have a specificity at least 
substantially identical to binding specificity of the natural ligand or binding partner of the 
CYP3A4, CYP3A7 or hPXR protein of the invention. An antibody or inhibitor can have a 
_binding_affinity_toJheXyj^ 



\ preferably higher than 10 7 M" 1 and advantageously up to 10 10 M* 1 in case CYP3A4, 
CYP3A7 or hPXR activity should be repressed. Hence, in a preferred embodiment, a 
suppressive antibody or inhibitor of the invention has an affinity of at least about 10' 7 M, 
preferably at least about 1CT 9 M and most preferably at last about 10" 11 M. 
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Furthermore, the present invention relates to the use of an oligo- or polynucleotide for the 
detection of a polynucleotide of the invention and/or for genotyping of corresponding 
individual CYP3A4, CYP3A7 or hPXR alleles. Preferably, said oligo- or polynucleotide is a 
polynucleojict^ 



In a pflrtiriiiar**prftfetTO(^ 20 

to 40, more preferably 20 to 30 nucleotides in length and comprises the nucleotide 
sequence of any one of SEQ ID NOS: 1 to 107 or a complementary sequence. 



Hence, in a still further embodiment, the present invention relates to a primer or probe 
consisting of an oligonucleotide as defined above. In this context, the term "consisting or 
means that the nucleotide sequence described above and employed for the primer or 
probe , of the-Jnventiol^ 

CYP3A7**OFihPXR^ other 
m©ietie$3swe^ colloidal 
gold,- etc^s^ellj^^ toithe CYP3A4y 

CYP3A7tffr%PX*R^ ifBllB^ 
FurthenpiSi^^it -is^ials^MpQSSifefelBp .*us)E«t4h^ 

sequenees^and^to^or^ them 
CYP3A4, CYP3A7 or hPXR gene wherein these additional nucleotide sequences are 
interspersed with moieties other than nucleic acids or wherein the nucleic acid does not 
correspond to nucleotide sequences of the CYP3A4, CYP3A7 or hPXR gene. 
Furthermore, it is evident to the person skilled in the art that the oligonucleotide can be 
modified, for example, by thio-phosphate-backbones and/or base analogs well known in 
the art (Flanagan, Proc. Natl. Acad. Sci. USA 96 (1999), 3513-8; Witters, Breast Cancer 
Res. Treat 53 (1999#^1^50?HawIeyMntisense Nuelei^cid^Drug aev, 9 (1999), 61-9; 
Peng-Ho**Briainf Res^Mol^ 621(^998!)^), -11 V Spiljg^ Drug 

Dev. 8 (1996^28^93;^^ Sho ji, 



Antimicrob. Agents Chemother. 40 (1996),, 1670-5; Crooke, J. Pharmacol. Exp. Ther. 277** 
(1996), 923-37). 



In addition, the present invention relates to the use of an antibody or a substance capable 
of binding specifically to the gene product of an CYP3A4, CYP3A7 or hPXR gene for the 
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detection of the variant CYP3A4, CYP3A7 or hPXR protein of the invention, the expression 
of a molecular variant CYP3A4, CYP3A7 or hPXR gene comprising a polynucleotide of the 
invention and/or for distinguishing CYP3A4, CYP3A7 and hPXR alleles comprising a 
polynucleotide of the invention. 



Moreover , the present invention re l ates to a composition, proforab l y pharmac e utica l 
composition comprising the antibody, the nucleic acid molecule, the vector or the inhibitor 
of the present invention, and optionally a pharmaceutically acceptable carrier. These 
pharmaceutical compositions comprising, e.g., the inhibitor or pharmaceutically acceptable 
salts thereof may conveniently be administered by any of the routes conventionally used 
for drug administration, for instance, orally, topically, parenteral^ or by inhalation. 
Acceptable salts comprise acetate, methylester, HCI, sulfate, chloride and the like. The 
compounds may be administered in conventional dosage forms prepared by combining the 
drugs with standard pharmaceutical earners according to conventional procedures. These 
procedures may involve mixing, granulating and compressing or dissolving the ingredients 
as appropriate to the desired preparation. It will be appreciated that the form and character 
of the pharmaceutically acceptable character or diluent is dictated by the amount of active 
ingredient with which it is to be combined, the route of administration and other well-known 
variables. The carriers) must be "acceptable" in the sense of being compatible with the 
other ingredients of the formulation and not deleterious to the recipient thereof. The 
pharmaceutical carrier employed may be, for example, either a solid or liquid. Exemplary 
of solid carriers are lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia, 
magnesium stearate, stearic acid and the like. Exemplary of liquid carriers are phosphate 
buffered saline solution, syrup, oil such as peanut oil and olive oil, water, emulsions, 
various types of wetting agents, sterile solutions and the like. Similarly, the carrier or 
diluent may include time delay material well known to the art, such as glyceryl mono- 
stearate or glyceryl distearate alone or with a wax. 

The dosage__regimen will be determined byJtbe_attending^hy^ician^nd-other--clinical- 
factors; preferably in accordance with any one of the above described methods. As is well 
known in the medical arts, dosages for any one patient depends upon many factors, 
including the patient's size, body surface area, age, the particular compound to be 
administered, sex, time and route of administration, general health, and other drugs being 
administered concurrently. Progress can be monitored by periodic assessment. 



28 



Furthermore, the use of pharmaceutical compositions which comprise antisense- 
oligonucleotides which specifically hybridize to RNA encoding mutated versions of a 
CYP3A4, CYP3A7 or hPXR gene according to the invention or which comprise antibodies 
specifically recognizing* mutated . CYP3A4, CYP3A7 ,or hPXR protein but not , or not 
substantially the functional-, wild-type form is conceivable in "cases >in which the 

™nreiatratir>n nf the m utated .form in thftcells should^be; reduced . 

Thanks to the present invention the particular drug selection, dosage regimen and 
corresponding patients to be treated can be determined in accordance with the present 
invention. The dosing recommendations will be indicated in product labeling by allowing 
the prescriber to anticipate dose adjustments depending on the considered patient group, 
with information that avoids prescribing the wrong drug to the wrong patients at the wrong 
dose. 



Furthermore, the/ present invention relates%to:ia diagnostic*^ kit comprising 

any one Of the* afoFe-descipbedw^ CYP3A4, 
CYP3A7 and^hPXR proteinsr antibodies, inhibitorsf ntfcleic^acictoimolecules or the 
corresponding veetQrs*of,the'iiaventibn',*and optib.raally*suitab^ . 
The kit of Ihe^inventfon. ma^^rateii^n^ei^ngred'i(Wilw®u€*» as selection markers and 
components for?sele&ive»media>su animals. 
The kit of the invention may advantageously be used for carrying out a method of the 
invention and could be, inter alia, employed in a variety of applications, e.g., in the 
diagnostic field or as research tool. The parts of the kit of the invention can be packaged 
individually in vials or in combination in containers or multicontainer units. Manufacture of 
the kit follows preferably standard procedures which are known to the person skilled in the 
art. The kit or diagnostic compositions may be used for methods for detecting expression 
of a mutant fomrof CY.P3A4, CYP3A7 Or hPXR'gene in accordance with any one of the 
above-described methods of- thef. invention, employing* for example, immunoassay 
techniquesfcsuch as.«radiQimmun©as^ acid 
hybridization and/or amplification techniques such as those described herein before and in 
the examples. 



Some genetic changes lead to altered protein conformational states. For example, some 
variant CYP3A4, CYP3A7 or hPXR proteins may possess a tertiary structure that renders 
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them far less capable of facilitating drug metabolization and transcription initiation, 
respectively. Restoring the normal or regulated conformation of mutated proteins is the 
most elegant and specific means to correct these molecular defects, although it is difficult. 
Pharmacological manipulations thus may aim at restoration of wild-type conformation of 
the protein. Thus, the polynucleotides and encoded proteins of the present invention may 
a lso be used to design and/or id o ntify moloculoo which are capable of ailivaliny Uie w ll d- 
type function of a CYP3A4, CYP3A7 or hPXR gene or protein. 

In another embodiment the present invention relates to the use of a drug or prodrug for the 
preparation of a pharmaceutical composition for the treatment or prevention of a disorder 
diagnosed by the method described hereinbefore. 

Furthermore, the present invention relates to the use of an effective dose of a nucleic acid 
sequence encoding a functional and expressible wild type CYP3A4, CYP3A7 or hPXR 
protein for the preparation of a pharmaceutical composition for treating, preventing and/or 
delaying a disorder diagnosed by the method of the invention. A gene encoding a 
functional and expressible CYP3A4, CYP3A7 or hPXR protein can be introduced into the 
cells which in turn produce the protein of interest. Gene therapy, which is based on 
introducing therapeutic genes into cells by ex-wVo or in-vivo techniques is one of the most 
important applications of gene transfer. Suitable vectors and methods for in-vrtro or in-vivo 
gene therapy are described in the literature and are known to the person skilled in the art; 
see, e.g., Giordano, Nature Medicine 2 (1996), 534-539; Schaper, Circ. Res. 79 (1996), 
911-919; Anderson, Science 256 (1992), 808-813; Isner, Lancet 348 (1996), 370-374; 
Muhlhauser, Circ. Res. 77 (1995), 1077-1086; Wang, Nature Medicine 2 (1996), 714-716; 
W094/29469; WO 97/00957 or Schaper, Current Opinion in Biotechnology 7 (1996), 635- 
640, and references cited therein. The gene may be designed for direct introduction or for 
introduction via liposomes, or viral vectors (e.g. adenoviral, retroviral) into the cell. 
Preferably, said cell is a germ line cell, embryonic cell, or egg cell or derived therefrom, 
most preferably said cell is a stem r.al\ 



As is evident from the above, it is preferred that in the use of the invention the nucleic acid 
sequence is operatively linked to regulatory elements allowing for the expression and/or 
targeting of the CYP3A4, CYP3A7 or hPXR protein to specific cells. Suitable gene delivery 
systems that can be employed in accordance with the invention may include liposomes, 
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receptor-mediated delivery systems, naked DNA, and viral vectors such as herpes viruses, 
retroviruses, adenoviruses, and adeno-associated viruses, among others. Delivery of 
nucleic acids to a specific site in the body for gene therapy may also be accomplished 
using ajbiolistic delivery systenvsuch as;;that described by Williams" (iProc. Natl. Acad. Sci. 
USA 88 (199t), 2726-2729). Standard methods fortransfecting cells; with recombinant 
DNA a re wel l kn o wn to Jh o se . skil l ed in the v art of mo le cular b i ology, soe r e .g., 
WO 94/29469; see also supra. Gene therapy may be carried out by directly administering 
the recombinant DNA molecule or vector of the invention to a patient or by transfecting 
cells with the polynucleotide or vector of the invention ex vivo and infusing the transfected 
cells into the patient. 



In a preferred embodiment of the uses and methods of the invention, said disorder is 
cancer. 

These and othei^mbodijnients are'di^ljQ^d or are^^ by the 

description and example of the prels'enteihvention. Further literature^ebht^efning any one*of 
the methods, uses&and*-^ the present 

invention may be*retmeved4rom publi#librariesT usingtf0r^xampl^leetr6ni& devices. For 
example the pufolicfcdata^ available on Internet, e.g. 

under http://www.ncbi.nlm.nih.gov/PubMed/medline.htmI. Further databases and 
addresses, such as http://www.ncbi.nlm.nih.gov/, http://www.infobiogen.fr/, 
http://www.fmi.ch/biology/research_tools.html, http://www.tigr.org/, are known to the 
person skilled in the art and can also be obtained using, e.g., http://www.lycos.com. An 
overview of patent information in biotechnology and a survey of relevant sources of patent 
information useful for retrospective searching and for current awareness is given in Berks, 
TIBTECH 1 2 (1 994), 352-364. 



The pharmaceutical and ? diagnostifc^ap^ be_ 
used for the diagnosis and treatment of all kinds of diseases hitherto unknown as being 
related to or dependent on variant CYP3A4, CYP3A7 and hPXR genes. The compositions, 
methods and uses of the present invention may be desirably employed in humans, 
although animal treatment is also encompassed by the methods and uses described 
herein. 
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Brief description o f the figures 

Figure 1: Differences in the genetic makeup influence the efficacy and safety of drug 
treatment. 

F i gure 2 : A curr e nt mod e l of the regulat i on of CYP3A4 by hPXR. 

Figure 3: (A) Structure of the CYP3A4 gene as described in Ref. by Hashimoto, Eur 
Biochem 218 (1993) 585-95 and confirmed in this study. Coding regions are 
indicated as filled rectangles, the non-coding 5' untranslated region as a 
dashed rectangle. Arrowheads represent the positions of oligonucleotides 
used to screen the coding region of the gene (see Table 2 for the 
oligonucleotide sequences). (B) Determination of the exon flanking 
sequences. Double-headed arrows indicate genomic regions amplified by 
PCR. Single-headed arrows indicate sequences obtained by direct 
sequencing of BAC clones. The sequences of oligonucleotides shown in (B) 
are given in Table 1 . 

Figure 4: (A) Structure of the hPXR gene. Coding regions are indicated as filled 
rectangles, non-coding 5' and 3' untranslated regions as dashed rectangles. 
Arrowheads represent the positions of oligonucleotides used to screen the 
coding region of the gene (see Table 5 for the oligonucleotide sequences). 
(B) Elucidation of the genomic structure of hPXR. Double-headed arrows 
indicate genomic regions amplified by PCR. Oligonucleotides used to isolate 
an hPXR-containing BAC clone are shown in bold. Single-headed arrows 
indicate sequences obtained by direct sequencing of this clone. (C) 
Differential expression of hPXR transcripts in the liver (L) and small intestine 

(Sj ) as investig ajexLby.ECJ3.aniplffi^ 



1b is expressed in both target tissues of the gene whereas exon 1a is 
expressed only in the liver. The sequences of oligonucleotides shown in (B) 
and (C) are given in Table 3. 
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Figure 5: Polymorphisms in the CYP3A4 and CYP3A7 genes. Numbering of 

polymorphic sites within the exons of CYP3A4 is based on the GenBank 
sequence M 14096. Numbering of polymorphic sites within the exons of 
CYP3A47 is based on the GenBank sequence gi4503232. , 

Fijuro r- Polymorphisms in the hPXR gene. Numbering of polymorphic sites within the 
exons of hPXR is based on the GenBank sequence AF084645. 

Figure 7: An enzymatic test for the CYP3A7 exon 11 C1229G (Thr409Arg) 
polymorphism. (A) The mutation eliminates the unique Alwnl restriction site 
from the exon 1 1 -containing fragment amplified with oligonucleotides 3A442F 
and 3A438R (arrowheads). (B) Genotyping of a wild-type (wt/wt) and a 
heterozygous twt/C v |.229G). DNA sample by means; of the Alwnl restriction 
digest. 

Figure 8: Getoriiiic^seq^^ hPXR= 
genesaPrim^rs used for the:amp!ific^iph^ and 3), 

as wellsas*>splice^ites are~«pid^ sites 
and%they*are«sh^^ by an 

arrow. 



The invention will now be described by reference to the following examples which are 
merely illustrative and are not to be construed as a limitation of the scope of the present 
invention. 



Examples 

Genomic samples jisolateTskby standard teehniques. from 22L:humanglivefs^we re obtained 
from Prof. Urs Meyer, Biozentrum der Universitat-Basel. Liver samples were obtained 
under consideration of all legal, ethical and medical requirement of the Biozeritrum der 
Universitat Basel. Blood samples from 95 individuals were obtained and processed by ion 
exchange chromatography methods (Qiagen) to isolate DNA. Blood samples were 



Printed >1 3-1 2-2000 

x _ , „ u 



33 



obtained under consideration of ail legal, ethical and medical requirement of Parexel 
International (Berlin). 

Example 1 : Genomic organization and oligonucleotides for the amplification of the 
coding regions of CYP3A4, CYP3A7 and hPXR 



The genomic structure of CYP3A4 has been described in an earlier work (Hashimoto, Eur. 
J. Biochem. 218 (1993), 585-95); however, the published exon flanking sequences were 
too short to design oligonucleotides for exon amplification. In accordance with the present 
invention these sequences have been elucidated first by sequencing of PCR (Polymerase 
Chain Reaction)-amplified fragments containing parts of two neighboring exons and the 
intercalated intron. The primers used for the amplification of these fragments were derived 
from the published cDNA sequence (Beaune, Proc. Natl. Acad. Sci. USA 83 (1986), 8064- 
8, GenBank accession number M 14096) upon consideration of the exon/intron 
organization of the gene (Table 1, Fig. 3). For exons flanked by larger introns, CYP3A4- 
containing bacterial artificial chromosome (BAC) clones (Control numbers 22300 and 
22301) purchased from Genome Systems (St. Louis, MO, USA) were directly sequenced. 
The clones had been isolated by PCR using the CYP3A4PF and CYP3A4PR 
oligonucleotides (Table 1), which were derived from the promoter region of the gene 
(GenBank accession number D11131, Hashimoto, supra). The sequences thus obtained 
were used to design oligonucleotides for the amplification of the gene exons (Fig. 1 ). Their 
sequences, the amplification conditions, and the sizes of the resulting DNA fragments are 
given in Table 2. Besides the exon sequences, fragments amplified contain also some 
flanking intronic sequences, including the splice sites. The oligonucleotide 3A425R was 
derived from the non-coding part of CYP3A4 cDNA (exon 13, Beaune, supra, GenBank 
accession number M 14096). The sequences of oligonucleotides to determine the 
exon/intron boundary of Exon 1 1 of CYP3A7 (3A720R and 3A721 F) are shown in bold in 

Table 1. 

In accordance with the present invention a similar strategy was applied to elucidate the 
genomic organization and to determine exon-flanking sequences of the CYP3A4 and 
CYP3A7 regulator, hPXR (Fig. 4A, B, Table 3). The gene consists of 10 exons and spans 
at least 19 kb of genomic DNA. The sequences at exon-intron junctions as well as exon 
and intron sizes are given in Table 4. Exons 1b and 1a are utilized alternately in the 
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formation of hPXR transcripts. This is evidenced by the amplification of iiver and intestine 
cDNA pools (Clontech) with primers derived from exons 1b, 1a, and 2 (Fig. 4C), followed 
by sequencing. In agreement with this observation, exon 1A lacks a 3' consensus splice 
site. Furthermore, exon; 1 B and 1 A sequences;corresppnd to the divergent S'sequences of 
the two cDNA hPXR clones desccibed^by 'Bentilssen ^ti al. (23) (GenBank accession 
numbcr o AF0 84 645 an^ AFn«AfU4) The two transcripts are differentially expressed in the 



target tissues of hPXR. Exon 1b is expressed both in the liver and in the small intestine 
whereas exon 1a is expressed only in the latter tissue (Fig. 1B). 

The sequences thus obtained were used to design oligonucleotides for amplification of the 
gene exons. Their composition and the sizes of the resulting DNA fragments are given in 
Table 5. Besides the exon sequences, fragments amplified contain also some flanking 
intronic sequent SlndlO^ 3 '" UTR 
(untranslated region)- sequences of thetgene* 

Example 2: isolation ^ denomic'P of 
CYP3A4, CYP3A7 and hP#R^gene fragioents,.- 

Genomic DNA was isolatsa^ b,ood 
samples obtained from unrelated Caucasians. Conditions for the amplification of CYP3A4, 
CYP3A7 and hPXR gene fragments by PCR are given in Tables 2 and 5, respectively. The 
complete sequences of the amplicons are given in Figure 8. The quality of amplicons was 
routinely checked by agarose gel electrophoresis. The fragments were then processed 
through PCR purification columns (Qiagen) which remove all the components of the PCR 
that could otherwise interfere with the subsequent sequencing reaction. 

The sequencing reaction was perfermed usingtfhe dye^tenminaton method and the samples 
w e re then. resolved;i6n.a>olyacrylamide^ sequencing 



machines). Both strands were routinely sequenced to assure^high«aecucaCy.;of thCresuits 
and the detection of heterozygotes. The sequences were visually inspected for their quality 
and then analyzed for the presence of polymorphisms using the 
PHRED/PHRAP/POLYPHRED/CONSED software package (University of Washington, 
Seattle, USA). 
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Example 3: Polymorphisms in the CYP3A4 and CYP3A7 



gene 



in accordance with the present invention. 22 or more DNA samples were screened for 
mutations in exons 3, 4, 5, 7 and 9 of the CYP3A4 gene, and in exon 11 of the CYP3A7 
gene. Three novel mutations were detected in the samples screened, two of them result in 



, ~ • »"w.n III 

non conoorvative amino doiU exchanges (Hg. b, I able 6, Table 8, Figure 8) The 
numbenng of nucleotide polymorphisms within the CYP3A4 transcript, and of positions of 
the resulting amino acid exchanges, is based on GenBank sequence M14096 For 
CYP3A7 GenBank sequence gi 4503232 was used as reference. 

• a G235A single nucleotide polymorphism (SNP) in exon 3 of CYP3A4 in 6 of the 234 
chromosomes screened. The SNP results in the non-conservative amino acid 
exchange Gly-*Asp at position 56 of the CYP3A4 protein. 

. a G-»T SNP in intron 7 of CYP3A4 in 4 out of 44 chromosomes screened. The SNP is 
localized at position 33 of the intron sequence (the G of the 5' consensus splice site 
GT is taken as position 1). 

• a C1229G SNP in exon 11 of CYP3A7 in 17 out of 232 chromosomes screened The 
SNP results in the non-conservative amino acid exchange Thr-»Arg at position 409 of 
the CYP3A7 protein. 



Example 4: Polymorphisms in the hPXR gene 

In accordance with the present invention 22 DNA samples were screened for mutations in 
exons 1b, 2, 5/6, 7, 8, 9 and 9a of the hPXR gene. Three polymorphisms were detected in 
the samples screened (Fig. 6, Table 7, Table 8, Figure 8). The numbering of nucleotide 
polymorphisms within the hPXR transcript, and of positions of the resulting amino acid 
exchanges is based on GenBank hPXR sequence AF084645. 

^A C149A SNPin exon 1b in 27 out of 44 chromosomes screened. Exon 1b is 

U^tranS,ate^, ' l e " the SNFhas no effect on the amino acid sequence of the protein 
• a CC975TT SNP in exon 5/6 in 2 out of 44 chromosomes screened. The SNP is silent 

i.e. it has no effect on the amino acid sequence of the protein. 
. A C-*T SNP in intron 7 in 8 out of 44 chromosomes screened. The SNP is localized at 

pos,tion 184 of the intron sequence (the G of the 5' consensus splice site GT is taken 

as position 1). 
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Example 5: An enzymatic test for the CYP3A7 exon 11 C1229G polymorphism 



The C1229G polymonphisrtvdetected in expo 1 1 of CYP3^7 fesults^n the los§ of an Alwnl 
restriction site? (Fig. 7A). In accordance with*the present*^ was 
developed for thn g a nntyping nf the P , 1??qn allplp- An gvarnplft is shown Jn Fig. 7B. A 

digest of the 404 bp genomic fragment amplified from a wild-type sample (wt/wt) with 
primers 3A742F and 3A738R (Table 2) generates two fragments of 316 bp and 88 bp, 
respectively. In a heterozygous sample (wt/C1229G), approximately half of the DNA 
remains undigested, due to the loss of the restriction site in the mutant allele. 



Because population genetics enables a calculation of the expected frequency of 

homozygous vs. heterpzygotis alleles of a de e2 + 

2pq + q e2 == 1 ), it is al^o possible to.confirm of 

homozygqi^ys^hete This 

can serve as ;ijitejTialrfcori^ indeed * 
represents a noveteallefe^ 



Table 1. Oirgonueleotides^use^ of the 

CYP3A4 gene and of the exon 11 of CYP3A7 (in bold). 



Name 


Position 


Sequence (5' - 3') 


T7 


BACCS 


TAATACGACTCACTATAGGG 


3A43F 


exon 2 


GAACCCATTCACATGGAC 


3A46R 


exon 4 


TGATCATGTCAGGATCTG 


3A47F 


exon 4 


GGTCAACAGCCTGTGCTG 


3A48R 


exon?5 ' 


TCCAtSTGGnBMGGltfGG 


3A49F 


exon. 5 


GXGaCATCXCmTAGfeTG^ 


3A410R 


exom*6-= 




3A411F 


exon 6 


gaaatctgaggcSSgaag 


3A412R 


exon 7 


GGGTCTTGTGGATTGTTG 


3A413F 


exon 7 


CAACAATCCACAAGACCC 


3A414R 


exon 8 


GTGTATCTTCGAGGCGAC 


3A415F | 


exon 8 


CTTTCCATTCCTCATCCC 



m 
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3A416R 


exon 9 


CCTTTGTGGGACTCAGTTTC 


3A419F 


exon 10 


GCCACTCACCCTGATGTC 


3A720R 


exon 11 


ATCACCACCCACCCTTTG 


3A721F 


exon 11 


CAAAGGGTGGGTGGTGAT 


3A422R 


exon 12 


GAGAGCAAACCTCATGCC 


3A423F 


exon 12 


GGCATGAGGTTTCfrrr.Tn 


3A424R 


exon 13 


GGTGCCATCCCTTGACTC 


OA426R 


exon 2 


GCAGAGGTGTGGGCCCTG 


3A4436F 


intron 8 


GGAGATCAAGGACCACGCTTGTG 


3A441R 


intron 10 


CTTACGCTTCTGCCAGTAGCAACC 


CYP3A4PF 


promoter 


AACAGGCGTGGAAACACAAT 


CYP3A4PR 


promoter 


CTTTCCTGCCCTGCACAG 



Fifty ng of genomic DNA was added to a reaction mix (total volume 30 or 50 ul) containing 
1x PCR buffer (Q=Qiagen, Cat.Nr. 1005479, or B2=Boehringer (currently Roche) Expand 
Long Template PCR Buffer number 2, Cat. Nr. 1742655), 0.25 uM each oligonucleotide 
(Metabion), 200 uM dNTPs, and 1 U of Taq polymerase (Qiagen). Amplifications were 
performed on a RoboCycler Gradient 96 (Stratagene) with an initial denaturation step of 2 
min. at 94 °C followed by 32 amplification cycles of denaturation (40 sec, 94 °C), 
annealing (45 sec, temperatures 56-60 °C), and extension (60-150 sec, 72 °C). This was 
followed by a final extension step 5 min., 72 °C The sequencing of PCR fragments and 
BAC clones was performed on a GeneAmp PCR System 9700 (Perkin-Elmer) using a dye- 
terminator DNA sequencing kit. (Perkin-Elmer, CatNr. 4303154), according to 
manufacturers's instructions. 
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Fifty ng of genomic DNA was added to a reaction mix containing 1x PCR buffer (Qiagen), 
0.5 uM oligonucleotides, 200 uM dNTPs, and 1 U of Taq polymerase (Qiagen). 
Amplifications were performed on a RoboCycler Gradient 96 (Stratagene) with an initial 
denaturation step of 2 min. at 94 °C followed by 32 amplification cycles of denaturation 
(40 sec, 94 °C), annealing (45 sec, temperatures given above), and extension (60 sec, 
72 °C). This was followed by a final exlei i biun step 5 min., 72 °C A l l sequencing reactions 
were performed on a GeneAmp PCR System 9700 (Perkin-Elmer) using a dye-terminator 
DNA sequencing kit (Perkin-Elmer, catalog number4303154), according to 
manufacturers's instructions. 



Table 3. Oligonucleotides used to determine the structure and exon/intron boundaries of 
the hPXR gene. 



Name 


Position 


Sequence (5* - 3') 


hPXRIF 


exon4 


TCATGTCCGACGAGGCCG 


hPXR4F 


exon 5/6 


CCCACATGGCTGACATGT 


hPXRSF 


exon 7 


CCCATCGAGGACCAGATC 


hPXR6R 


exon 7 


GTCTTCCAAGCAGTAGGA 


hPXR7R 


exon 8 


CAGCATGGGCTCCAGTAG 


hPXRIOR 


exon 9a 


CCTGTGATGCCGAACAAC 


hPXR11F 


exon 9 


CATTGAATGCAATCGGCC 


hPXR12R 


exon 9a 


GCTCTTGGCAGTGTCCAT 


hPXR15F 


exon 2 


GGAAAGCCCAGTGTCAAC 


hPXR16F 


exon 3 


CCATGAAACGCAACGCCC 


hPXR18R 


exon 2 


CCTTGCATCCTTCACATG 


hPXR19R 


exon 3 


CATGCCGCTCTCCAGGCA 


hPXR20R 


exon 4 


CGGCCTCGTCGGACATGA 


hPXR21R 


exon 5/6 


ACATGTCAGCCATGTGGG 


hPXR47F 


exon 1 b 


CAAGCCAAGTGTTCACAGTG 


hPXR48R 


exon 1 b 


CACTGTGAACACTTGGCTTG 


hPXR52F 


exon 1a 


CAAGGACAGCAGCATGACAGTCAC 


hPXR54R 


exon 1a 


AGCCAACTCAGCCGCAGC 



mm. 
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Fifty ng of genomic DNA was added to a reaction mix (total volume 30 or 50 pi) containing 

1x PCR buffer (Q=Qiagen, Cat.Nr. 1005479, or B2=Boehringer (currently Roche) Expand 

Long Template^pCR Buffer number^, Cat. Nr. 174265&)r#.25^M:*e^dh oligonjucleotide. 

(Mefa§ipn))*20|Ijaj^ 

perfOfmedx©n;a*R^ 

iMi i ^al^94"£C^^ 

annealing (45 sec, temperatures 56-60 °C), and extension (60-150 sec, 72 °C). This was 
followed by a final extension step 5 min., 72 °C All sequencing reactions were performed 
on a GeneAmp PCR System 9700 (Perkin-Elmer) using a dye-terminator DNA 
sequencing kit (Perkin-Elmer, Cat.Nr. 4303154), according to manufacturers^ instructions 



Exon m 
number^ 


Exbn a 
sip'lbjj* 


siueneeiat^xo^intrG^juncUon^ 


Intronmisize 

mm* 

i 






1b 


— 








1a 






flu 


1?ow 


V " 


2W 


Tpn©KGJ§tala§si»» * 


.^t<^^gi^G;G;G0^ 




3 


134 ~ - 








4 


188 


TTCCGG gtagga.... 


....tcctagCTGCCA 


~ 1.0 


5/6 


275 


CTTGAG gtagga.... 


....tgccag GGACTT 


~ 1.9 


7 


143 


CTGCAG gtgccc... 


....ccacag GTGGCT 


0.201 


8 


117 


CCCCAG gtgagg.... 


....ctccag ACCGCC 


0.286 


9 


106 


TCATAG gtgagc... 


....atgcag GTTCTT 


-1.3 


9a 


1418 









The^sizes*0faex©nsi«1«b%hd»*1 k a*b'ased»©n-a comparison* of genomie^Figure 8), and. cDNA 
(GenBCrtk*accessi§^ 
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Table 6. Distribution of polymorphisms in CYP3A4 (exons 3, 4, 5, 7 and 9) and 
CYP3A7 (exon 1 1 , in bold) in a set of 22 DNA samples. 



Number 


Donor 
Number.* 


Exons 


1 J F' 


2^ 








6 J* 






9^; 


10"^? 


11** 


12 - 


13D" 


1 • 


11" 










— 










-jT-AhHWi 








2 


17 






















— - 


3 


18 






















X 






4 


19 




























5 


20 




























6 


21 




























7 


22 




■ "" -5** 






. # .V 












£ ■ 1 i 
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23«*> 




•V 










■ -■rev - * 


••» 


fife- 










9 


24^*" 




ft 
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" Si- 




.1 




. ^ ■ 


TIT" 

"■If 




5ft 






10 








§r 


I. 










. *wc>-.. 








If 

.... 


11 


27#<- 
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"# 




■"■>.■■ 








J- 


12 


295s*' 










-% ' 

. ... 




TP 

ate 




rf 




- fs» 


p 




13 


31* 
















- 










>• 


14 


33 




























15 


34 




























16 


35 






















X 






17 


36 




























18 


37 




























19 


38 














X 














2CTS 


4CTf- 










-C" 




-It" 










**- 


*. 


21 
















X*S8^ 








x*JB 






22 


43 














X 








x 







"=wild-type, "X"=heterbzygo 



e, "XX"=homozygote 
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Table 7. Distribution of hPXR gene polymorphisms in a set of 22 DNA samples. 



Number 



Donor 



Number 



11 



17 



18 



Exons 



1b 1a 2 



XX 



5/6 



9a 



8 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



19 



20 



21 



22 



23 



24 



25 



27 



29 



31 



33 



34 



35 



36 



37 



38 



40 



41 



43 



XX 



XX 



XX 



XX 



XX 



X 



XX 



XX 



XX 



XX 



XX 



X 



■=wild-tvpe. "X"=h ft 



erozvaote. " XX w =homozygote 
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Table 8. Genetic variants of CYP3A4, CYP3A7 and hPXR. 



Gene Position wt sequence (5-3') 

CYP3A4 exon 3 F : TCCCAGGGCTTTTGT 



mut sequence (5-3') 

F: TCCCAGGACTTTTGT 



intromit F:^ta*^^^^ v (^^ f ^ta^^^S^^^^- 



CYP3A7 exon 11 



R: < 



F: TACTGGACAGAGC 
R: GCTCTGTCCAGTA 



R : %AAGSG^GGJSKGfiTa: 



F: TACTGGAGAGAGC 
R: GCTCTCTCCAGTA 



hPXR 



exon 1b F: CCTGAAfiAAGGCAG F: CCTGAAAAAGGCAG 

R: CTGC CTTGTTCAGG R: CTGCCTTTTTCAGG 



Ft j 



!X F: 
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Claims 



6P>o 
60 

U Sep. 



A polynucleotide selected from the group consisting of: 

(a) polynucleotides comprising a nucleotide sequence encoding the amino 
acid sequence encodable by a nucleotide sequence of SEQ ID NO: 86, 
94 and/or 98; 

(b) polynucleotides comprising a nucleotide se q uence encoding a mo l ecular 



(c) 



(d) 
(e) 
(f) 



variant of the cytochrome CYP3A4 protein by way of at least one amino 
acid deletion, addition and/or substitution at an amino acid position 
corresponding amino acid residue Gly56 in exon 3 of the CYP3A4 gene; 
polynucleotides comprising a nucleotide sequence encoding a molecular 
variant of the cytochrome CYP3A7 protein by way of at least one amino 
acid deletion, addition and/or substitution, preferably at an amino acid 
position corresponding amino acid residue Thr 409 in exon 11 of the 
CYP3A7gene; 

polynucleotides comprising a nucleotide sequence of any one of SEQ ID 
NOS: 86, 87, 90, 91, 94, 95 or 108; 

polynucleotides comprising a nucleotide sequence of any one of SEQ ID 
NOS: 98, 99, 102, 103, 106 or 107; and 

polynucleotides comprising a nucleotide sequence encoding a CYP3A4 
or CYP3A7 polypeptide or fragment thereof having an epitope comprising 
an amino acid sequence encoded by the nucleotide sequence of SEQ ID 
NO: 86 and/or 94. 



The polynucleotide of claim 1, wherein said polynucleotide encodes a variant 
CYP3A4, CYP3A7 or hPXR protein or fragment thereof. 

The polynucleotide of claim 1 or 2, wherein said amino acid substitution 
comprises Gly56 to Asp in exon 3 of the CYP3A4 aene anrt/nr Thr 4 n Q to Arg jn 
exon 1 1 of the CYP3A7 gene. 



The polynucleotide of any one of claims 1 to 3, wherein the nucleotide deletion, 
addition and/or substitution result in altered expression of the variant CYP3A4,' 
CYP3A7 or hPXR gene compared to the corresponding wild type gene. 



jffoi09-'1999 




5. 


m m ■ - 

A vector comprising the polynucleotide of any one of claims 1 to 4. 




6. 


The vector of claim 5, wherein the polynucleotide is operatively linked to 
expression control sequences allowing expression in prokaryotic or eukaryotic 
cells. 




7. 


A host cell genetically engineered^with^the polynucleotide^ ofeany one of:claims 1 






to 4 or the vector of claim 5 or 6. 




8. 


A method for producing a molecular variant CYP3A4, CYP3A7 or hPXR protein 
or fragment thereof comprising 

(a) culturing the host ceirof claim 7; and 

(b) recovering said protein or fragment from the culture. 




9. 


A ^method* ^ variant 
CYP3A4*CT^3&^ cells with 
th#polyntii^ 




10. 


A CY&&#l4^^ by the 
pqlynacleo^^^ claim 
8 or from cells produced by the method of claim 9. 




11. 


An antibody which binds specifically to the protein of claim 10. 


i 


12. 


The antibody of claim 1 1 which specifically recognizes an epitope containing 
one or more amino acid substitution(s) as defined in any one of claims 1 to 4. 




13. 


r\ I lUvslt?Ii> cJOlvJ* 1 1 iL/lowuit5 l^AJl I ipidllui iLcii y UJ. d JJUiy TIU wlcU/LjUt<^Ui^ol iy Uu© OT Claims 

1 to-4. 




14. 


A nucleic acid molecule capable of specifically recognizing and cleaving the 
polynucleotide of any one of claims 1 to 4. 




15. 


A vector comprising the nucleic acid molecule of claim 13 or 14. 





16. 



• 
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A transgenic non-human animal comprising at least one polynucleotide of any 
one of claims 1 to 4 or the vector of claim 5 or 6. 



17. The transgenic non-human animal of claim 16 further comprising at least one 
inactivated wild type allele of the CYP3A4, CYP3A7 or hPXR gene. 



18. The transgenic non-human animal of claim 16 or 1 7. which 



is a mouse or a rat. 



19. 



20. 



A method of identifying and obtaining a CYP3A4, CYP3A7 or hPXR inhibitor 
capable of modulating the activity of a molecular variant of the CYP3A4, 
CYP3A7 or hPXR gene or its gene product comprising the steps of 
(a) contacting the protein of claim 1 0 or a cell expressing a molecular variant 
CYP3A4, CYP3A7 or hPXR gene comprising a polynucleotide of any one 
of claims 1 to 4 in the presence of components capable of providing a 
detectable signal in response to drug metabolization, with a compound to 
be screened under conditions to permit CYP3A4- or CYP3A7-mediated 
drug metabolization, and 

detecting the presence or absence of a signal or increase of a signal 
generated from the drug metabolization, wherein the presence or 
increase of the signal is indicative for a putative inhibitor. 



(b) 



The method of claim 19 wherein said cell is a cell of claim 7, obtained by the 
method of claim 9 or is comprised in the transgenic non-human animal of any 
one of claims 1 6 to 1 8. 



21. 



A method of identifying and obtaining an CYP3A4, CYP3A7 or hPXR inhibitor 
capable of modulating the activity of a molecular variant of the CYP3A4, 
CYP3A7 or hPXR gene or its gene product comprising the steps of 
(a) contacting the protein of claim 1 0 with a first molecule known to be hm.nH 



(b) 
(c) 



by CYP3A4, CYP3A7 or hPXR protein to form a first complex of said 
protein and said first molecule; 

contacting said first complex with a compound to be screened; and 
measuring whether said compound displaces said first molecule from 
said first complex. 
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22. The method of claim 21 , wherein said measuring step comprises measuring the 
formation of a second complex of said protein and said compound. 

23. The method of claim 21 or 22, wherein said measuring step comprises 
measuring thejarn,^ 



24: The method' of -any* one* jaf claim 21 to -23gwhereir* said^fireHmolecule is 
nifedipine, rifampicine or corticosterone. 

25. The method of any one of claims 21 to 24 wherein said first molecule is labeled. 



26. 



A method of diagnosing a disorder related to the presence of a molecular 
variant of the CYP3A4, CYP3A7 or hPXR gene or susceptibility to such a 
disorder cotrlpliinlS 

(a) detei^ining#ie»p^^ 1 to 4 in 

a 




(b): : , dete^llfUi^^l^iiiS®^ 



27. The .ffiti3®&to&f^^ 

28. The method of claim 26 or 27 comprising PCR, ligase chain reaction, restriction 
digestion, direct sequencing, nucleic acid amplification techniques, hybridization 
techniques or immunoassays. 

29. The method of any one of claims 26 to 28, further comprising administering to a 
subject a medicament to abolish or alleviate said disorder. 

30. The method of anyone of dainsisr26 toi29^^ 
(i) a ftjhctipaalaant^exp;^ 



or 



(ii) a nucleotide acid molecule of claim 1 3 or 1 4 or the vector of claim 1 5 into 
cells. 
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37. 



38. 



39. 
40. 
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A method for the production of a pharmaceutical composition comprising the 
steps of the method of any one of claims 1 9 to 25; and 
(c) synthesizing and/or formulating the compound identified and obtained in 
step (b) or a derivative thereof in a pharmaceuticaliy acceptable form. 

32. A method for the preparation of a pharmaceutical composition comprising 

formulating a drug or pro-drug in the form suitable for therap o utio appl i cation 

and preventing or ameliorating the disorder of the subject diagnosed in the 
method of claim 26 or 27. 

33. The method of claim 31 or 32 wherein said compound drug or prodrug is a 
derivative of a medicament as defined in claim 29. 

34. An inhibitor identified or obtainable by the method of any one of claims 1 9 to 25. 

35. The inhibitor of claim 34 which binds specifically to the protein of claim 1 0. 

36. Use of an oligo- or polynucleotide for the detection of a polynucleotide of any 
one of claims 1 to 4 and/or for genotyping of individual CYP3A4, CYP3A7 or 
hPXR alleles. 



The use of claim 36 wherein said polynucleotide is a polynucleotide of any one 
of claims 1 to 4 or a nucleic acid molecule of claim 13 or 14. 

The use of claim 36 wherein said oligonucleotide is about 15 to 50 nucleotides 
in length and comprises the nucleotide sequence of any one of SEQ ID NOS: 1 
to 107 or a complementary sequence. 

A primer or probe consisting of an oligonucleotide as defined in claim 38 



Use of an antibody or a substance capable of binding specifically to the gene 
product of an CYP3A4, CYP3A7 or hPXR gene for the detection of the protein 
of claim 10, the expression of a molecular variant CYP3A4, CYP3A7 or hPXR 
gene comprising a polynucleotide of any one of claims 1 to 4 and/or for 
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distinguishing CYP3A4 or hPXR alleles comprising a polynucleotide of any one 
of claims 1 to 4. 

41. A composition comprising the polynucleotide of any one of claims 1 to 4, the 
vecteRof^^ 



primer or probe of claim 39. 

42. The composition of claim 41 which is a diagnostic or a pharmaceutical 
composition. 

43 Use of an effective dose of a drug or prodrug for the preparation of a 



44. , Trt^^t^PiSi^i^ 
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CYP3A4 polymorphisms 



Exon 3 (G235A; Gly56Asp) 



TCCCfcGGHC TTTTCT 




wt/mut 

Oligonucleotide 3A450F (forwards) 



Intron 7 (T->G) 



T 31 T C T T GCTCTCTT 




wt/mut 

Oligonucleotide 3A433F (forwards) 



A CYP3A7 exon 1 1 polymorphism (C1229G; Thr409Arg) 



TSCT GG£CftGAGC< 




wt/mut 

Oligonucleotide 3A742F (forwards) 



Fig. 5 
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I 



hPXR polymorphisms 



Exon ib (C149A, untranslated) 
wt/ifrfuit$? 

• c 'C t g »a a g a -ft g-IG t e ;a^c% 




Oligonucleotide hPXR57F (forwards) 



Exoo*§/^ 
wtfwt* 




Oligonucleotide hPXR32F (forwards) 
(forwards) 




Oligonucleotide 



hPXR32F 



Intron 7 (C— T) 
wt/mut 

C <Z *T C C ft T> JT *G^ T GT* 'T 5* € -v 
Y«i> I. . A * ft & 




Oligonucleotide hPXR36F (forwards) 



Fig. 6 



(2H2%1)§g®; 




a. 
jo 

CO 
CO 

><_ 
"a 



« 



a. 
jo 

vo 

f— H 

CO 



O 
X 

w 



a 

JO 

o 



— <D- 
i 



O 

ON 

CN 



^ - 
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Fig. 8 

CYP3A4 

Exon 3 (G235AGIy56Asp) 

.CJGfTTTCATdCCAATTAGAGG 
fFTTTGTTTCTGCTCCCAG/3G^±AC 



CA 

TTTTGTATGTTTGA 

CTGGAAACTTCCATTGGATAG ACTTGTTTeTATGATGAGTTTACCCCACTG CACAQAGGA 

r>A^Tr.jr.AGCCC 



Exon 4 

A^TnTnGnTT^^nr.TTGGGCTC CAGCTGTAGAATAAGGCTGTTGATGTTTAATCAAC 

TCTGTTTTTTTCACACAGCTTTTATGATGGTCAACAGCCTGTGCTGGCTATCACAGATC 
CTGACATGATCAAAACAGTGCTAGTGAAAGAATGTTATTCTGTCTTCACAAACCGGAG 

m ATArTGA^GAqTAAAWTATATTTTGAAATTCTT 

sr^f^-A'^QUgi 



ATATATTCATAG 

Exon 5 

5>A*a 



GTA 

) Exon 7 (T/G intron 7 polymorphism) 

^-rrTnTr.TTnACTGGACATGTGG CTTTCCTGATGCACGCATAGAGGAAGGATGGTAAA 

AAGGTGCTGATTTTAATTTTCCACATCTTTCTCCACTCAG.CGTCTTTGGGGCCTACAGC 
ATGGATGTGATCACTAGCACATCATTTGGAGTGAACATCGACTCTCTCAACAATCCAC 
AAGACCCCTXrGTGGAAAACACCAAGAAGC^TTTTAAGAmGA-rj I i nGGATCCATTC 

TTTCTCTiCAAC'AAGOIftTGTGGACTAG^ATTTCCTTTT 
TAAGTGGtffATT 



rA!G^ATA^^CAGCAT©mAWGA3iGGA«!ra 



IB 
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Fig. 8 (continued) 



Exon 9 



GGAGATCAAGGACCACGCTTGTnATTTAnTTrT^ArTTOAfs^A^ CCACT ^ CTCTCACT 
GAAATTTCTC Hill GCTTCTAQCACCGAGTGGATTTCCTTCAGCTGATGATTGACTCTC 
AGAATTCAAAAGAAACTGAGTCCCACAAAGGTAACCAGAGTGTTTCTGAGGGCTACTT 
GTGGGGCACTCAGAGGGAAGGCCTTGTTCTGAAAATG TGCAGGAAGTATTCHAnnA T^ 
ATGAG ~~ ~~ 

CYP3A7 

Exon 11 (C1229G Thr409Arg polymorphism) 

CCAQTATGAQTTGTTCTCTGGAACTTCTAACAGTTCAACAGTACTACATGGACTGAGTTA 

AAAGTTAATTCAAAAATCTCAATTTATCCAAATCTGTTTCTTTCTTTTCAjGGCACC 

CCTATGATACTGTGCTACAGTTGGAGTATCTTGACATGGTGGTGAATGAAACACTCAG 

ATTATTCCCAGTTGCTATGAGACTTGAGAGGGTCTGCAAAAAAGATGTTGAAATCAAT 

GGGATGTTTATTCCCAAAGGGGTGGTGGTGATGATTCCAAGCTATGTTCTTCATCATG 

ACCCAAAGTACTGGAC^GAGAGCCTGAGAAGTTCCTCCCTGAAAGGJIAGGAGGCCC 

CTGGGAAGGGAGCCCTCCCTGAACC AGCCTGGTTCAAGCATATTCTrsr.r.T 



hPXR 

Exon 1b&1a (in bold in exon 1b: nn 1-280 of hPXR cDNA (GenBank AF061 056.1), 
dotted: nn 36-257 of PARI cDNA (GenBank AF084645)) 

TCAAGTGCTGGACTTGGQAOT TAGGAGGGGCAATGGAGCCGCTTAGTGCCTACATCTG 

ACTTGGACTGAAATATAGGTGAGAGACAAGATTGTCTCATATCCGGGGAAATCATAAC 
CTATGACTAGGAC_G^G_GAAGAG_G 

CAGC„CXGCAAGCCM.GTGTO 

GXCCTGAAC-j^AAGGCAGCG^^^ 

P.QGGATTGTrCAAAGTGG 

"GCW^IATGGl MUCH I CTTTCTCTTTTGCTGGGGGCTGACCGCCCTTCAGCTCCAG 
CCAAAAGATGTGTGTGAACACAAATATACCTTCTGTT 
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Fig. 8 (continued) 



Tq jAnrSTCAG^ATHATAGTGGGT CGTGAATCATGTTGGCCTTGCTGCTGTCTCCTCATTT 




GACCCAGGAAATACCACCTCCAAGGACTGTGGGAGCTGGGGACTATGGGAACTGGGA^ 
eAACTCAGTCCTGATTCCTTTTGGCCTGCTGGGTTAGTGCTGGCAGCCCCCCTGAGGC 
CAAGGACAGCAGCATGACAGTCACCAGGACTCACCACTTCAAGGAGGGGTCCCTCAG 
AGCACCTGCCATACCCCTGCACAGTGCTGCGGCTGAGTTGGCTTCAAACCAGJCGAGTT 

TTCTACCTCTACTATTGAAAGGGCACCTTGTCCCACAGAACCGAGTQTTGCCTGCATGT { 



EXON 2 




Exon 3 

AGGTGGTATGGCCCGGAGC CCCAGGCCGAGGGCCCGGGCACCCGTGCATCCCCCCTT 

CTGCTCCCCATTCTCTCACAG.GAGGGCCATGAAACGCAACGCCCGGCTGAGGTGCCC 

CTTCCGGAAGGGCGCCTGCGAGATCACCCGGAAGACCCGGCGACAGTGCCAGGCCT 

GCCGCCTGCGCAAGTGCCTGGAGAGCGGCATGAAGAAGGAGAGTGAGCAGTGGGCG 

CGCGGGCGGGCCGGCGCCGGGGTGCACGGCTCTGAGTAAGGACGTGCCGTGGGTGT 

GTGCATGCTTGTGTGGAGATGCGCGG'GG^GTGTG'CGCGTGAA 

ASCI' . 

EX6N4~ " ' 

CTAACGGCTTnTGCTGCCT TGAGAGGGTTACACAGTGGCTCTCCAGGGGGCTGGAGGC 

fCACCAGGGGCACGTGTGCCTGAGCCAGCCTCACTGTCCCTGCAGTGATCAT 
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Fig. 8 (continued) 

GTCCGACGAGGCCGTGGAGGAGAGGCGGGCCTTGATCAAGCGGAAGAAAAGTGAAC 
GGACAGGGACTCAGCCACTGGGAGTGCAGGGGCTGACAGAGGAGCAGCGGATGATG 
ATCAGGGAGCTGATGGACGCTCAGATGAAAACCTTTGACACTACCTTCTCCCATTTCA 
AG AATTTCC GG GTAGG AG GAACTGC ACAGTG ACCCG AGQTQTf: A GIG ATCTT CATT 
CTCACATAGA AACTGAGGTTCCGCAAftGA 

Exon5/6 

CTGAGTTGGGACCTGTCTATGAAAGCACATGCTGTCTCTCCTCTGTCCACCTCCTGGCA 

TGTGTCCTASCTGCCAGGGGTGCTTAGCAGTGGCTGCGAGTTGCCAGAGTCTCTGCA 

GGCCCCATCGAGGGAAGAAGCTGCCAAGTGGAGCCAGGTCCGGAAAGATCTGTGCT 

CTTTGAAGGTCTCTCTGCAGCTGCGGGGGGAGGATGGCAGTGTCTGGAACTACAAAC 

CCCCAGCCGACAGTGGC^IGGGAAAGAGATCTTCTCCCTGCTGCCCCACATGGCTGA 

CATGTCAACCTACATGTTCAAAGGCATCATCAGCTTTGCCAAAGTCATCTCCTACTTCA 

GglAGGACATGGAGACTGGGTGGTTGGGTGTGGAAAAGAACTGGAAGTGGCCA GGAG 
GTTCAAAnn^CnTfifi 

EXONS 7&8 

CTGCTQGTGCQGGCOTGTGGGCTGCCTCCCAGGGAGCTGTCCTCCCCTCCCCATCCTT 

GCTGCCAGGGACTTGCCCATCGAGGACCAGATCTCCCTGCTGAAGGGGGCCGCTTTC 

GAGCTGTGTCAACTGAGATTCAACACAGTGTTCAACGCGGAGACTGGAACCTGGGAG 

TGTGGCCGGCTGTCCTACTGCTTGGAAGACACTGCAGGIGCCCGAGAGAGCCTGCCT 

GCCCTGGCAGAGGGAGGGAAACACTGCAGTTATGGGAGGAAGGGAGCTACGCCAGGA 

TATGCAGGTTCTGGGATGGCAGGGCAGGAAGATGGAATGGTGGAAAACAAGATATTGG 

TG AG GG ATGATTAG ATCTTGGTC AG CTTG CTG AG AAGCTG CCCCTCCATC = £TCTGTTAC 

CATCCACAHGTGG CTTC C AG C AACTTCTACTG G AGC C C ATG CTG AAATTCC ACTAC AT 

GCTGAAGAAGCTGCAGCTGCATGAGGAGGAGTATGTGCTGATGCAGGCCATCTCCCT 

CTTCTCCCCAGSIGAGGATCTCCCCTAGGCTGCCTGACATCCCCCCCAGCCTTATCTG 
CCCTCCCCAGGGAAGGTC CCAGTC 

EXON9 

QAGCAATGCCCTQACTCTGGGCTGGACTGAGCTTGTCTTTGCCCCATGATCTTGCACCA 
CACCTCCCTCCCCTCCASACCGCCCAGGTGTGCTGCAGCACCGCGTGGTGG 
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Fig. 8 (continued) 



ACCAGCTGCAGGAGCAATTCGCCATTACTCTGAAGTCCTACATTGAATGCAATCGGCC 



EXON 9A 

^CT ^Qg^QGglCAQA GCAGCCCTGAGGCTTGTGGGTCAGGGCGGGCTGCACCCA 

CAATCTTTTCTCTGGCTGGCATGCASGTTCTTGTTGCTGAAGATCATGGCTATGCTCAC 

CGAGCTCCGCAGCATCAATGCTCAGCACACCCAGCGGCTGCTGCGCATCCAGGACAT 

ACACCCCTTTGCTACGCCCCTCATGCAGGAGTTGTTCGGCATCACAGGTAGCISAGC 

GGCTGCCCTTGGGTGACACCTCCGAGAGGCAGCCAGACCCAGAGCCCTCTGAGCCG 

CC ACTCCCGG GGC AAG AC AG A TGG A C A CTGC C AAG AGC 
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SEQUENCE LISTING 



<110> EPIDAUROS Biotechnologie Aktiengesellschaf t 

<120> Polymorphisms in the human CYP3A4, CYP3A7 and hPXR 

g^nes anH their use i n d iagnostic and therapeutic 

applications 



<130> D2145EP 



<140> 
<141> 

<160> 135 



<170> Patentln Ver. 2.1 



<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 1 

taatacgact cactataggg 



<210> 2 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 
<400> 2 

gaacccattc acatggac 



<210> 3 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: DNA 

<400> 3 

tgatcatgtc aggatctg 



<210> 4 



Q 



11 ^ 
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<211> 18 
<212>^DNA*3£ 

<213>MKri>±f fGiai' >Sequeiyc^^ 
<2ZG5^ 

^9 93 V ^, pfei Q nh»of,AP^G 



<400> 4 

ggtcaacagc ctgtgctg 



18 



<210> 5 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<4G0> i 5 



18,- 



<210'S»6.*' 
<21l£ 18" 
<212> # DNA^ 
<213>^Arti^ ^ 



<22-3>^Des^r^ 
<400> 6 

gtgccatctc tatagctg 



18 



<210> 7 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



<22 3> Description^ f , Art&^^d?a%^ 



<40 03#i«7 
cttece 



caga^t/be 



18^ 



<210> 8 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 
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<400> 8 

gaaatctgag gcgggaag 



18 



<?in> 9 



<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 9 

gggtcttgtg gattgttg 



18 



<210> 10 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 10 

caacaatcca caagaccc 



18 



<210> 11 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 11 

gtgtatcttc gaggcgac 



18 



<210> 12 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



I <220>~ 



<223> Description of Artificial Sequence: DNA 



<400> 12 

ctttccattc ctcatccc 



18 



<210> 13 



MP 
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<211> 20 
<212^*DNA^ 
< 2 1 3S^A^tM :±1i±*a^<JS e^qjoencej 



<220>. 

<223^D Q l5,crlpJ:^ 



<400> 13 

cctttgtggg actcagtttc 



20 



<210> 14 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400>"14 

gccact.ca^<^Gt:g:^g^Cjg%. 



18, 



<210>***15^ 

< 211> *18^ 

<2l£>>DN%^ 

<2 1 3 > ' Ar^fd^co^ 

<22£)>&& 

<2 2 3 > D eser-Lpfero^^^ e^^£je^DN^p| 
<400> 15 

atcaccaccc accctttg 



18 



<210> 16 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<223^ Desci^if^ 



<400^16'» 
caaagggfegg 



18 



<210> 17 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 
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<400> 17 

gagagcaaac ctcatgcc 



18 



<210> 18 



<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 18 

ggcatgaggt ttgctctc 



18 



<210> 19 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 19 

ggtgccatcc cttgactc 



18 



<210> 20 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 20 

gcagaggtgt gggccctg 



18 



<210> 21 
<211> 23 
<212> DNA 

<213> Artificial Sequence 



-<220> 

<223> Description of Artificial Sequence: DNA 

<400> 21 

ggagatcaag gaccacgctt gtg 



23 



<210> 22 



10-09-19991 



»#bbppi 
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<211> 24 
<212>TPN2P ; 

< 2 1 3 > t <Arti f± dial, S equence. , 
<220:> 

<2 2 3 > Pes cr-iptibn » ,o f yArtif i ci al ^ Secfuenc.e,:: . DNA 



<400> 22 

cttacgcttc tgccagtagc aacc 



24 



<210> 23 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<4Q0>;-23. 
aacaggcgtg^o;a^^ 



20 



<210>^24v;^v 
<21-1>"18 n 
<212^DNA: V - 

<2 133f JlArti f i ci a^^ec^i^nge^ 
<22.0^ 

<223^Des^r^^^ 
<400> 24 

ctttcctgcc ctgcacag 



18 



<210> 25 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> • 

<223> Description of Artif icial -Sequence^: DNA-'' 
<400>J*25 v 

cc€ctaactg tcc^g^c^fec^tg; J 



22. 



<210> 26 - 
<211> 21.. 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 



■■P 



# 
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<400> 26 

gcgctgagac tgtcctctgt g 



21 



<210> 27 



<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 27 

agtctggctt cctgggttgg gctc 



24 



<210> 28 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 28 

gaagtggacg tggaaccttc ctggac 



26 



<210> 29 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 29 

ctacaaccat ggagacctcc 



20 



<210> 30 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



-<22<d> 

<223> Description of Artificial Sequence: DNA 

<400> 30 

tacctgtccc caccagattc 



20 



<210> 31 



mmnm* 
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<211> 23 
<212>, DNA.& 

<213> ^,tf f l^aliiS e'quenGe^ 
<220> v 



<400> 31 

gtctgtcttg actggacatg tgg 



23 



<210> 32 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



« 



<220> 

<223> Description of Artificial Sequence: DNA 



<400>v 32fti£ 

gatga^gg%-aca^€^|et«li|c8g 



22i^ 



<21Q'^334fe 
<21i>: 23 ' 
<212^DN§;^ 
<213> 



<220^r 

<2 2 3^De^Gfc-i*p^^^ e1%uf^G^:^DNA^ 
<400> 33 

ggagatcaag gaccacgctt , gtg 



23 



<210> 34 
<211> 25 
<212> DNA 

<213> Artificial Sequence 

<220> , • v 

<223> Description of Artificial Sequence: DNA— 



<400>^4*4fet 



<210:> 35" 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 



m 
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<400> 35 

ccagtatgag ttgttctctg g 



21 



<210> 36 



<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 36 

aggcagaata tgcttgaacc aggc 



24 



<210> 37 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 37 

tcatgtccga cgaggccg 



18 



<210> 38 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 38 

cccacatggc tgacatgt 



18 



<210> 39 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



I <220>- 



<223> Description of Artificial Sequence: DNA 
<400> 39 

cccatcgagg accagatc 



18 



<210> 40 
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<211>. X8 
<212>;;DNA r . 

<213> Artificial ^S^quence - 
<220> 

<223> Description of Artificial Sequence::- DNA 



<400> 40 

gtcttccaag cagtagga 



18 



<210> 41 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



4 



<220> 

<223> Description of Artificial Sequence: DNA 



<400> ;41 
cagcatgggc- 



18 



<210>i.42^; 

<211>:.18 " 
<212> JDNA^ ... 

<213^ Ar^L^^^^m^^' 
<22.0>:-- 

<2 2 3 > De scr&pfcr^^^ e^MceM :DNj£^*> 



<400> 42 

cctgtgatgc cgaacaac 



18 



<210> 43 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial- Sequencer DNA* 



<400> 43, 

c a ttgaatgc^ aa tcggcc^;^ 



18:;^ 



<210> 44 
<211> 18,, 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 
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<400> 44 

gctcttggca gtgtccat 



18 



<210> 45 



<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 45 

ggaaagccca gtgtcaac 



18 



<210> 46 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 46 

ccatgaaacg caacgccc 



18 



<210> 47 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 47 

ccttgcatcc ttcacatg 



18 



<210> 48 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



-<-2-2G>- 



<223> Description of Artificial Sequence: DNA 
<400> 48 

catgccgctc tccaggca 



18 



<210> 49 
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<211> 18 ^ 
<21'2:£&DNA*ife 

< 2 1,3 >m*trfi ei a*l«*S eg£jgn«£S* 
<400> 49 

cggcctcgtc ggacatga 



<210> 50 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: 
<4Q0> -50\* 

acatgtc^g^afeg^g^jpb 



<210>^51«* 
<211> 20^ 
<212^DN£i&. 

<2 13>.,Arnfei^f ^ci'ai^Se%jenGel^ 



<400> 51 

caagccaagt gttcacagtg 



<210> 52 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400>^52 

cactgt gaac;^ a ct^&g^^g* 



<210> 53 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: 





<220> 






* 
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<400> 53 

caaggacagc agcatgacag tcac 

<210> 54 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 54 

agccaactca gccgcagc 

<210> 55 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 55 
aagcaggtat gg 

<210> 56 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 56 
aaaccagtga gt 

<210> 57 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: DNA 

<400> 57 
ttctagtcca ag 



<:22.0:> 



<210> 58 



•v 
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<211> 12 *. 
<21-2^1DN^ 

<2 »3!S^AJSfei"f i^edraj^S equenc^^ 



<22iQ£K 

.<: 3>>*sr>g> sGg^ptdron^of^Ar^if ijci a>l ^ae^enggyyDN^^ 



<400> 58 
tttcaggtag ag 



12 



<210> 59 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



4 



<220> 

<223> Description of Artificial Sequence: DNA 



<40Q>j*59#u. 
tcaca^gs^g 1 



'■'< 



12 



<210><a60|!^ 

<211> 4 2 *& 
<2125^DN^|^ 
<213> -Ar&fi^^ 



<220>'^ 

<22'3>*Ws*#^ 

<400> 60 
aggagagtga gc 



12 



<210> 61 
<211> 12 
<212> DNA 

<213> Artificial Sequence 

<220> - % 

<22 3>^Des cro-ptiLon- of ♦Ar.ti^i" 

<40O><^61^ 
ctg.cag^gailgGa - 



12* 



<210> 62 
<211> 12 > 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 



l[0j$95jM9'9l 
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<400> 62 
ttccgggtag ga 



12 



<210> 63 



<211> 12 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 63 
tcctagctgc ca 



12 



<210> 64 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 64 
cttcaggtag ga 



12 



<210> 65 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 65 
tgccagggac tt 



12 



<210> 66 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



-<220> 

<223> Description of Artificial Sequence: DNA 

<400> 66 
ctgcaggtgc cc 



12 



<210> 67 



10-09-1999 

v-'.-'v few? -Mrisii'tr&ti.r 



HMtt 
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<211> 12 
<212> DNA 

<2 13> ^ Artif icial ? Sequence f .; 
<220> t 

<223>. , Descrip,tiQn, of Artif icial Sequence ;;fe»DNA. 



<400> 67 
ccacaggtgg ct 



12 



<210> 68 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 



<400> ,68 
ccccaggtga gg ^ 



12 



<2ip>'69V 
<211> .12 
<212> k ;DNA;- . 

<213> Artif^^^ % ^e^L^nC^> 
<220>: ; 

<223> ; Descript^i^of ^ * 



<400> 69 
ctccagaccg cc 



12 



<210> 70 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 

<400> . 70 
tcataggtga^gc;^ 



12 



<210> 71" 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : • DNA 



m 
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<400> 71 
atgcaggttc tt 



12 



<210> 72 



<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 72 

tcaagtgctg gacttgggac 



20 



<210> 73 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 73 

cccactatga tgctgacctc 



20 



<210> 74 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 74 

ctgaggcctc tacacatc 



18 



<210> 75 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



-<-2-2-0>- 



<223> Description of Artificial Sequence: DNA 
<400> 75 

aggccctgag atgttacc 



18 



<210> 76 
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<211>.,18 .„ 
<212> iDNA**. 

<213> Ar t i>£i ei a<L^ S equeiice^ 

<2-2>3.^ ^Bes jssaspfca nrwof Artificial Sequence ;^I)NAm 



<400> 76 

ctgagttggg acctgtct 



18 



<210> 77 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



< 



<220> 



<223> Description of Artificial Sequence: DNA 



<400> 77* ' 
ccaggccqtg 



i8*r 



<2*1Q>^78 V T* 

<211>; 18^^ 

<212>_DNA# 

< 2 1 3 > \kr^t^o±$^^ e 



<22«0>* 



<223> DeseM^fc^^ 



<400> 78 

ctgctggtgc cggcctgt 



18 



<210> 79 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial-Sequence 



:^DNA* 



<400>*^79 ^ 



18^ 



<210> 80 
<211> 18 „. 
<212> DNA 

<213> Artificial Sequence 



<220> 



<223> Description of Artificial Sequence: DNA 
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<400> 80 

gagcaatgcc ctgactct 



18 



<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 81 

ccctctggcc atgaagtc 



18 



<210> 82 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 82 

tgcttgtgca gcctcaga 



18 



<210> 83 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 
<400> 83 

gctcttggca gtgtccat 



18 



<210> 84 
<211> 15 
<212> DNA 

<213> Artificial Sequence 



-<22u> 

<223> Description of Artificial Sequence: DNA 

<400> 84 

tcccagggct tttgt 



15 



<210> 85 



10t09^.1^ 
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<211>, 15 . 
<212>, DNA • 

<213> Artif icial Se^enqe^-/ 



<220>V» _ _ . 

x ?? ^.^^.H. r Hon- Q f Artificial Sequence::- DNA 



<400> 85 

acaaaagccc tggga 



15 



<210> 86 
<211> 15 
<212> DNA 

<213> Artificial Sequence 



i 



<220> ^ m 
<223> Description of Artificial Sequence: DNA 



<400>^86v^ 
tcccaggact ; tttgt-r^ 



15 



<210> .87 
<211> 15^4 
<212> , DNA ^ 

<213>* Artif ici^l^Sep^en*^*- 
<220> 

<2 23> Descr^^ti^n^bf^f^ -v 
<400> 87 

acaaaagtcc tggga 



15 



<210> 88 
<211> 14 
<212> DNA 

<213> Artificial Sequence 

<220> « 

<223> Description of ^Artificial Sequence: DNA, 



<400>. 88< ~ 
tatctttctc tctt* 



14 



<210> 89 
<211> 14 
<212> DNA 

<213> Artificial Sequence 



<220> ^ xT7v 
<223> Description of Artificial Sequence: DNA 



[Printed:^! 3^12,2000 



I[(DI@95«91 
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<400> 89 
aagagagaaa gat 



13 



<210> 90 



<211> 14 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 90 
tatcttgctc tctt 



14 



<210> 91 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 

<400> 91 
aagagagcaa gata 



DNA 



14 



<210> 92 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 92 
tactggacag age 



13 



<210> 93 
<211> 13 
<212> DNA 

<213> Artificial Sequence 



-<-2-2-0->- 



<223> Description of Artificial Sequence: DNA 

<400> 93 
gctctgtcca gta 



13 



<210> 94 



i1[(DI(j)951[99.9l 
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# 



<211> 13 

<212^rDNffaU 
<2 l*3>>AJ3fc£:gdL« 

<22#5** 



<400> 94 
tactggagag age 



13 



<210> 95 
<211> 13 
<212> DNA 

<213> Artificial Sequence 



i 



<220> 

<223> Description of Artificial Sequence: DNA 



<4£0^95%& 
gctct^oca* 



13 



<21Q^9 6 mm 

<2li^0.4%^ 
<212^E)N£f% 
<2X3>: 



<220^ 

<223^HefrG^p1^^n«IL© 



<400> 96 
cctgaacaag gcag 



14 



<210> 97 
<211> 14 
<212> DNA 

<213> Artificial Sequence 



<220> > \ , 

<223> Description of Artif ici^WSequ^'rrce*:^ DNA*** 

<400>* &lm 
ctgcctt1gfet?rcagg«ip- 



14-M* 



<210> 98^ 
<211> 14 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: DNA 
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<400> 98 
cctgaaaaag gcag 



14 



<210> 99 



<211> 14 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 99 
ctgccttttt cagg 



14 



<210> 100 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 100 
cagtggcggg aaa 



13 



<210> 101 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

<400> 101 
tttcccgcca ctg 



13 



<210> 102 
<211> 13 
<212> DNA 

<213> Artificial Sequence 



-<22.0>- 



<223> Description of Artificial Sequence: DNA 

<400> 102 
cagtggtggg aaa 



13 



<210> 103 



24 I 42 ^ 



<211> 13 
<212^,DNA*r 

<213»> Ar^ifTi^^lm? e< 3^g5S« e k 

<22:qs^ 

<400> 103 
tttcccacca ctg 



<210> 104 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA 

< 4*0 05^1 04M 
ccte^cla^pp^gt^c^f 



<210^105^ 
<2im 15 £> 
<212£-PN£* 

<2 1 3^^Ar1|ifi|i al^eq^nc^ 

<22,Q>3* 
<22^^e3lGr^ 

<400> 105 
gtaacaggat ggagg 



<210> 106 
<211> 15 
<212> DNA 

<213> Artificial Sequence 

<220> \ ■ k \ v !*V."^ V; 

<223> Description 'of Artificial ^Sequence: DNA * 

<4005>£1O6*** 
cctcca^tfecWgtiSac^r 



<210> 107 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Axtificial Sequence: DNA 



m 
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15 



<400> 107 
gtaacagaat ggagg 

<210> 108 

— <?1 1> 249 

<212> DNA 
<213> Homo sapiens 

<220> 

<221> intron 
<222> (1) . . (H5) 

<220> 
<221> exon 
<222> (116) . . (168) 

<220> 

<221> intron 
<222> (169) . . (249) 

<220> 

<221> CDS 

<222> (116) . . (166) 

<400> 108 

cctctaactg ccagcaagtc tgatttcatt ggcttcgact gttttcatcc caattagagg 60 
cagggttaag tacattaaaa ataataatca aatattattt tgtttctcct cccag grc 118 

Xaa 

£ %t k s z; »n n: - « «: - - - « ?2 J lM 

10 15 
gggtgagtat tctggaaact tccattggat agacttgttt ctatgatgag tttaccccac 226 
tgcacagagg acagtctcag ccc 

249 

<210> 109 
<211> 17 
<212> PRT 

<213> Homo sapiens 

-<400>— 109 

Xaa Phe Cy s Met Phe Asp Met Glu Cys His Lys Lys Tyr Gly Lys V al 

10 15 

Trp 
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• - 



<2T0>. „ll'fi"V. 
<211> 294^ 

<220> 
<221> intron 
<222> (1) ■ • < 77 ^ 

<220> 

<221> exon 

<222> (78) (177) 

<220> 

<221> intron 
<222> (178) . . (293) 

<22Q>-* 

<22^L> TCQgsPfc . . 
<222* (79^(173^ 

<4PP> lrt* ^^^^ 
agtetggo£|^;^ * ^ 

ctgttt^^^ 

1 ? ; 5 * 

a ca gat cct.gac atg ate aaa aca gtg ct. gtj «a g« tgt tat tct 
Thr Asp Pro Asp Met lie ^ys xm ^ 25 

gt = «c aca aae a«.»..t.c 
Val Phe Thr Ash Arg Arg 
30 

tga « 9 a«a — ea t a g ac. 5 «, ==*aaa... t a„ 

gtccaggaag gttccacgtc cacttc 



159 



207 



<210> 111 
<211> .33*? 
<212^;:BRT^ ^ 

^ai^^^^aQ^ 3 ^^^® — ~~~ 

<4 °°* ^Lo Glv Gin Gin Pro Val Leu Ala He Thr Asp Pro As| Met 
Phe Tyr Asp Giy » 10 

1 5 

r-i„ rvs Tvr Ser Val Phe Thr Asn Arg 
He Lys Thr Val Leu Val Lys Glu Cys Tyr 30 
20 



27 / 42 



# 



Arg 



<210> 112 

<211> 236 
<212> DNA 
<213> Homo sapiens 

<220> 

<221> intron 
<222> (1) . - (61) 

<22 0> 

<221> exon 

<222> (62) . . (175) 

<220> 

<221> intron 
<222> (176) . • (236) 

<220> 

<221> CDS 

<222> (62) . • (175) 

<400> 112 

ctacaaccat ggagacctcc acaactgatg taggacaaaa tgtttctgct ttgaactcta 60 

g cct ttt ggt cca gtg gga ttt atg aaa agt gcc ate tct ata get gag 109 
Pro Phe Gly Pro Val Gly Phe Met Lys Ser Ala lie Ser He Ala Glu 
15 10 15 

gat gaa gaa tgg aag aga tta cga tea ttg ctg tct cca acc ttc acc 157 
Asp Glu Glu Trp Lys Arg Leu Arg Ser Leu Leu Ser Pro Thr Phe Thr 
20 25 30 

a gt 99* aaa ctc aa 9 9*9 gtatgaaaat aacatgagtt ttaataagaa 205 
Ser Gly Lys Leu Lys Glu 
35 

acttaaagaa tgaatctggt ggggacaggt a 236 
<210> 113 

<21 1> 38 

<212> PRT 

<213> Homo sapiens 



<400> 113 

Pro Phe Gly Pro Val Gly Phe Met Lys Ser Ala He Ser He Ala Glu 
15 10 15 
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" " * v *' _ TeM , Ser pro Thr Phe Thr 



<210> H4 
<211> 393 
<212> DNA 
<213> Homo sapiens 

<220> 

<221> intron 
<222> (1) • • < 98) 

<220> 

<22>^expj^ 

<220>4i 
<221> &r&£B®^ 
<2f2^(^P-^^ 

<220^;^ 

<222> MlffiP^ .t2*6Wt 



<400>-H4- tggcttt cct gatgcacgca tagaggaagg atgg.aa.aa60 

gtctgtcttg actggacatg gg ^ ^ 

ggt g Ct ga tt ttaattttcc acatc^ct ccac.cagc jtc *£ gj ^ ^ 

4-+-*- acra atg aac ate gac tct 

S 2 S «I S S = S S '-5 l?y v " - " -° 

- nna **SW* ct:o^ca^ata^gl|^g^^ 

aga*^^ 

Arg ^ 

— — - — 40^ " 



162 
210 



««««a t c«V= t «c — «~ 

tc««t9» .««t«.c «.«•«« =«« 



tatgtgtgac cateatc 



i1)(9HogM]g®® 



m 
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<210> 115 
<211> 49 
<212> PRT 

<213> Homo sapiens 



<400> 115 

Val Phe Gly Ala Tyr Ser Met Asp Val lie Thr Ser Thr Ser Phe Gly 
1 " 5 ~ 10 15 



Val Asn lie Asp Ser Leu Asn Asn Pro Gin Asp Pro Phe Val Glu Asn 

20 25 30 

Thr Lys Lys Leu Leu Arg Phe Asp Phe Leu Asp Pro Phe Phe Leu Ser 

35 40 45 



lie 



<210> 116 
<211> 240 
<212> DNA 
<213> Homo sapiens 

<220> 

<221> intron 
<222> (1) . . (82) 

<220> 

<221> exon 

<222> (83) . . (149) 

<220> 

<221> intron 
<222> (150) . ♦ (240) 



<220> 

<221> CDS 

<222> (83) . . (148) 

<400> 116 

ggagatcaag gaccacgctt gtgatttact tctgacttca ggagccactt tctgtcagtg 60 

aaatttctct ttttgcttct ag cac cga gtg gat ttc ctt cag ctg atg att 112 

, His Arg Val As p Phe Leu Gin Leu Met lie 

15 10 



gac tct cag aat tea aaa gaa act gag tec cac aaa ggtaaccaga 
Asp Ser Gin Asn Ser Lys Glu Thr Glu Ser His Lys 
15 20 



158 



gtgtttctga gggctacttg tggggcactc agagggaagg ccttgttctg aaaatgtgca 218 




240;^ 



<210> 11>7^V 

Sffjk 

<212> PRT 

<213> Homo sapiens 

ru- MP - - - - - ™ s - Gln "° » LYS 

i 5 

Glu Thr Glu Ser His Lys 
20 



4 



<210> yll9 • 
<21i>^99^ 
<212> vDNK • 

<213> ^omo>aRi^:|p% 
<220> 

<221> .4n>rqn^^ 

<222> ;u) ■■• (iffJS* 

<220>: 

<222> (112).. (33^ 
<220> 

<221> intron 
<222> (339) .. (399) 

<220> 

<221> CDS 

<222> (H2) . . (336) 

<400> ttatt ctc tg gaacttctaa cagttcaaca gtactacatg gactgagtta 60 

ccagtatgag "**ctct, ..^^V***—* 117 

aaagttaat-t caaaaa^^a^tatcca.a.etgtttc o 




Pro Thr Tyr 

act atg aga ctt gag agg gtc 213 

JS E = 2 S S i = e S ~- "3 G " " 9 ~ 

20 



I BW8H 
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tgc aaa aaa gat gtt gaa ate aat ggg atg ttt att ccc aaa ggg gtg 
Cys Lys Lys Asp Val Glu He Asn Gly Met Phe He Pro Lys Gly Val 
35 40 45 50 



261 



gtg gtg atg att cca age tat gtt ctt cat cat gac cca aag tac tgg 309 
Val Val Met He Pro Ser Tyr Val Leu His His Asp Pro Lys Tyr Trp 
55 613 65 



asa gag cct gag aag ttc etc cct gaa aggtaggagg cccctgggaa 
Xaa Glu Pro Glu Lys Phe Leu Pro Glu 
70 75 



356 



gggagccctc cctgaaccag cctggttcaa gcatattctg cct 



399 



<210> 119 
<211> 75 
<212> PRT 

<213> Homo sapiens 
<400> 119 

Ala Pro Pro Thr Tyr Asp Thr Val Leu Gin Leu Glu Tyr Leu Asp Met 
1 5 10 15 

Val Val Asn Glu Thr Leu Arg Leu Phe Pro Val Ala Met Arg Leu Glu 
20 25 30 

Arg Val Cys Lys Lys Asp Val Glu lie Asn Gly Met Phe He Pro Lys 
35 ~ 40 45 

Gly Val Val Val Met He Pro Ser Tyr Val Leu His His Asp Pro Lys 
50 55 60 



Tyr Trp Xaa Glu Pro Glu Lys Phe Leu Pro Glu 
65 70 75 



<210> 120 
<211> 962 
<212> DNA 
<213> Homo sapiens 

<220> 

<221> intron 
<222> (1) . . (66) 



<220> 

<221> intron 
<222> (348) . . (750) 



<220> 

<221> exon 

<222> (751) . . (894) 



'1B9.9IW811F20M 
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<220> 

<221-> in'trd.n- &* 
<222> ( 89§.) #*. (962m 

<220>- . _ *t**> 

<22i> CDs-;* 

<222> (80§),. • (892) 

ss^s.' — - — gt,co " c " ct n i 

„ ct , g9 .c 9 — °« 

^— « »— ' " 9t " t9 "" a 

„. teem** *** '**'* " t9C * OC59 300 




cttMCtact gca t gag tt a ccaca.tc ca^ ca^^^ 
gg agt ccc t g gacccaggaa a„ t c caagga Ct g t ^gc.ggg ^ggga 
actg gga t ca ac^cct ga—t ^gc.gg -"^J^" ^ 
tgaggccaag gacagcagc atg aca g~ acc.agg act cac cac ttc aag^ g^ 

- - a s 12 - sS s sc a 880 

Gly Ser ? Leu Arg'^J-a 2 5*F 
1 5 * 



Leu .Ala ;wS.e^Asnjpfe 
1 3.0M , — 



932 



cccacagaac cgagtcttgc ctgcatgtgg 



<210> 121 
<211> 31 
<212> PRT 



liiSiisiiii 



• 
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<213> Homo sapiens 
<400> 121 

Met Thr Val Thr Arg Thr His His Phe Lys Glu Gly Ser Leu Arg Ala 
15 10 15 



Pro Ala lie Piu Leu His Ser Ala Ala Ala Glu Lou Ala Ser Aon 



20 



25 



30 



<210> 


122 


<211> 


345 


<212> 


DNA 


<213> 


Homo sapiens 


<220> 




<221> 


intron 


<222> 


(1) . . (60) 


<220> 




<221> 


exon 


<222> 


(61) (279) 


<220> 




<221> 


intron 


<222> 


(280) . . (345) 


<220> 




<221> 


CDS 


<222> 


(62) . . (277) 


<400> 


122 



ctgaggcctc tacacatccc tgtccagtct tttcattctc tgtggttttc tcatttctag 60 

t cca aga ggc cca gaa gca aac ctg gag gtg aga ccc aaa gaa age tgg 109 
Pro Arg Gly Pro Glu Ala Asn Leu Glu Val Arg Pro Lys Glu Ser Trp 
15 10 15 



aac cat get gac ttt gta cac tgt gag gac aca gag tct gtt cct gga 
Asn His Ala Asp Phe Val His Cys Glu Asp Thr Glu Ser Val Pro Gly 
20 25 30 



157 



aag ccc agt gtc aac gca gat gag gaa gtc gga ggt ccc caa ate tgc 205 
Lys Pro Ser Val Asn Ala Asp Glu Glu Val Gly Gly Pro Gin lie Cys 
35 40 45 



cgt gta tgt ggg gac aag gec act ggc tat cac ttc aat gtc atg aca 
Arg Val Cys Gly Asp Lys Ala Thr Gly Tyr His Phe Asn Val Met Thr 
50 55 60 



'233- 



tgt gaa gga tgc aag ggc ttt ttc aggtagagtt acccatcagc cttcacccac 307 
Cys Glu Gly Cys Lys Gly Phe Phe 
65 70 
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<210> *123 W, 
<211> 72 



<2T2> PRT r 
<213> Homo .sapiens 



p 4 r o°Lg"ly Pro Glu Ala Asn Leu Glu Val Ar* Pro Lys Glu 8a. Trp 



<400> 123 

Ly Pro G] 
1 " 5 

Phe Val His Cys Glu Asp Thr Glu Ser Val Pro Gly 



Asn His Ala Asp 
20 



25 



30 



Lys 



Pro Ser Val Asn Ala Asp Glu Glu Val Gly Giy Pro Gin lie Cys 



35 



40 



Arg^ 



5Q<* 



55 A 



Cys Glu^^^^m?^^^^ 
65 10m 



<210^124^ 

<2iise; 344*** 

<212>* DNA**' 

<213> Homo sapiens 

<220> 

<221> intron 
<222> (1) • - (78) 

<220> 

<221> exon 

<222> (79) . . (212) 

<220> 

<221> intron 
<222> (213). . (344) 

<220> 
<221> CDS 

<222> (79) . . (210)^ 



g c=c gg .,=o =c.,,=c„ 9 . 59 =c=, M c. create cccccttct, 60 
—to t— . g. «J - J- acj ea. -JC, S .J- ffi «jg 1" 

1 5 10 
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ccc ctt ccg gaa ggg cgc ctg cga gat cac ccg gaa gac ccg gcg aca 159 
Pro Leu Pro Glu Gly Arg Leu Arg Asp His Pro Glu Asp Pro Ala Thr 
15 20 25 



gtg cca ggc ctg ccg cct gcg caa gtg cct gga gag egg cat gaa gaa 207 
Val Pro Gly Leu fro fro Aia (^j_n vai fro Gly Glu Arg His Glu Glu 
30 35 40 

gga gagtgagcag tgggcgcgcg ggegggcegg cgccggggtg cacggctctg 260 
Gly 

agtaaggacg tgccgtgggt gtgtgcatgc ttgtgtggag atgcgcgccg agtgtgcgcg 320 
tgaacacacg tgcacatgtg agct 344 

<210> 125 
<211> 44 
<212> PRT 

<213> Homo sapiens 
<400> 125 

Glu Gly His Glu Thr Gin Arg Pro Ala Glu Val Pro Leu Pro Glu Gly 
1 5 10 15 

Arg Leu Arg Asp His Pro Glu Asp Pro Ala Thr Val Pro Gly Leu Pro 
20 25 30 

Pro Ala Gin Val Pro Gly Glu Arg His Glu Glu Gly 
35 40 



<210> 126 
<211> 367 
<212> DNA 
<213> Homo sapiens 

<220> 

<221> intron 
<222> (1) . . (103) 

<220> 

<221> exon 

<222> (104) . . (291) 



<220> 

<221> intron 
<222> (292) . . (367) 

<220> 

<221> CDS 

<222> (106) . . (291) 
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S E a S 5 - S 5 S K 2 S.Jg S 3 S S E 165 

5 10 

s s s? s s s a s as a = = s ss 
5 s s s ss s K s ss s s: = 2 s- 

act acc*to,4^a W ^^^^ 

<2iA^,;.i2T:;r 

<21t5C 62* 

<213> Homo sapiens 



213 



2 61 



^e°Met 2 Lr Asp Slu Ala Val Glu Glu Arg Arg Ala Leu Xle Lys Arg 

5 ^ 

js LyS Ser Glu Arg Thr Gly Thr Gin Pro Leu Gly Val Gin Gly Leu 
20 2b 

Thr Glu Glu Gin Arg Met Met lie Arg Glu Leu Met Asp Ala Gin Met 
o c 40 



35 

son 



55; 



<211> 415% 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> intron 




<222> (1) . . (69) 
<220> 

<221> exon 

<222> (70) . . (344) 

<22l)> — 

<221> intron 
<222> (345) . . (415) 

<220> 

<221> CDS 

<222> (70) . . (342) 

<400> 128 

ctgagttggg acctgtctat gaaagcacat gctgtctctc ctctgtccac ctcctggcat 60 

gtgtcctag ctg cca ggg gtg ctt age agt ggc tgc gag ttg cca gag tct 111 
Leu Pro Gly Val Leu Ser Ser Gly Cys Glu Leu Pro Glu Ser 
1 5 10 

ctg cag gec cca teg agg gaa gaa get gec aag tgg age cag gtc egg 159 
Leu Gin Ala Pro Ser Arg Glu Glu Ala Ala Lys Trp Ser Gin Val Arg 
15 20 25 30 

aaa gat ctg tgc tct ttg aag gtc tct ctg cag ctg egg ggg gag gat 207 
Lys Asp Leu Cys Ser Leu Lys Val Ser Leu Gin Leu Arg Gly Glu Asp 
35 4 0 ** 45 



ggc agt gtc tgg aac tac aaa ccc cca gee gac agt ggy ggg aaa gag 
Gly Ser Val Trp Asn Tyr Lys Pro Pro Ala Asp Ser Xaa Gly Lys Glu 
50 55. 60 



255 



ate ttc tec ctg ctg ccc cac atg get gac atg tea acc tac atg ttc 



303 



^ lie Phe Ser Leu Leu Pro His Met Ala Asp Met 
| 65 70 


Ser Thr Tyr Met Phe 
75 




j aaa ggc ate ate age ttt gec aaa gtc ate tec 
| Lys Gly lie lie Ser Phe Ala Lys Val lie Ser 
80 85 


tac ttc aggtaggaca 352 
Tyr Phe 
90 




I tggagactgg gtggttgggt gtggaaaaga actggaagtg 


gecaggaggt teaaagggee 412 




1 tgg 


415 




1 <210> 129 






<211> 91 
! <212> PRT 
1 <213> Homo sapiens 






<400> 129 

Leu Pro Gly Val Leu Ser Ser Gly Cys Glu Leu 
1 5 10 


Pro Glu Ser Leu Gin 
15 








■ 
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V,, Trp «n S « *" ^ " e ^ 

50 55 

nor Thr Tvr Met Phe Lys Gly 
Ser Leu Leu Pro His Met Ala Asp Met Ser Thr Ty qq 



65 70 



lie lie Ser Phe Ala Lys Val He Ser Tyr Phe 
85 



<21Q> .130 
<2 11X^5 9®m 
<212> 'pN^Sk 

<22Q^* 

<22l'5Txi-n^Ma — 
<222^ir^ (6611» 

<22.0£> 
<22l^ exo;n^ 
<22^^(6^)m 

<220> 

<221> intron 
<222> (210) . . (410) 

<220> 

<221> exon 

<222> (411) . . (527) 

<2.20> 

<221> in€ron 
<222> (528) . . (598) 

<220> 

< 2 2"1>. > GD 

<222^e68))^ {.zmw* 



<220>*~ 

<221> CDS 

<222> (411) . - (526) 



Z%£lc c„cct gtgg 9 =t,=c t =cc WWW ==«ccc«c «at=c« g = 
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tgccagg gac ttg ccc ate gag gac cag ate tec ctg ctg aag ggg gee 
Asp Leu Pro lie Glu Asp Gin lie Ser Leu Leu Lys Gly Ala 
1 5 10 



109 



get ttc gag ctg tgt caa ctg aga ttc aac aca gtg ttc aac gcg gag 
Ala Phe Glu Leu Cys Gin Leu Arg Phe Asn Thr Val Phe Asn Ala Glu 
T5 



157 



~Z5~ 



30 



act gga ace tgg gag tgt ggc egg ctg tec tac tgc ttg gaa gac act 
Thr Gly Thr Trp Glu Cys Gly Arg Leu Ser Tyr Cys Leu Glu Asp Thr 
35 40 45 

gca ggt geccgagaga gcctgcctgc cctggcagag ggagggaaac actgeagtta 
Ala 



205 



261 



tgggaggaag ggagctaege caggatatgc aggttctggg atggcagggc aggaagatgg 321 

aatggtggaa aacaagatat tggtgaggga tgattagatc ttggtcagct tgctgagaag 381 

ctgcccctcc atyctgttac catccacagg t ggc ttc cag caa ctt eta ctg 433 

Gly Phe Gin Gin Leu Leu Leu 
50 55 

gag ccc atg ctg aaa ttc cac tac atg ctg aag aag ctg cag ctg cat 481 
Glu Pro Met Leu Lys Phe His Tyr Met Leu Lys Lys Leu Gin Leu His 
60 65 70 

gag gag gag tat gtg ctg atg cag gee ate tec etc ttc tec cca 52 6 

Glu Glu Glu Tyr Val Leu Met Gin Ala lie Ser Leu Phe Ser Pro 
75 80 85 

ggtgaggatc tcccctaggc tgectgacat cccccccagc cttatctgcc ctccccaggg 58 6 

aaggtcccag tc 598 



<210> 131 
<211> 86 
<212> PRT 

<213> Homo sapiens 
<400> 131 

Asp Leu Pro lie Glu Asp Gin lie Ser Leu Leu Lys Gly Ala Ala Phe 
1 5 10 15 

Glu Leu Cys Gin Leu Arg Phe Asn Thr Val Phe Asn Ala Glu Thr Gly 

20 25 30 

Thr Trp Glu Cys Gly Arg Leu Ser Tyr Cys Leu Glu Asp Thr Ala Gly 
35 40 45 

Gly Phe Gin Gin Leu Leu Leu Glu Pro Met Leu Lys Phe His Tyr Met 
50 55 60 
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• • • r-i,, rlu Tvr'val Leu Met Gin Ala 

Leu Lys Lys Leu Gin Leu Hxs Glu Glu Glu Tyr ^ 80^ 

65 

ire' SeE ,Leu*Phi»Ser*?rd 
85^ 



<210> 132 
<211> 271 
<212> DNA 
<213> Homo sapiens 

<220> 

<221> intron 
<222> (1) • • ( 77 > 

<220> 

<221> exon,, , 
<22€^;a(78 )^ ? (1&3$* 

<220> „ 

<22i>:±nmmim , vdi 

<222^,; ( 18 2i7r^)l^ 
<220>" 

<221> CD§m> f-loV ^ 
<222> (80^. U8*)iP 



ssssf*-**" gct "" t9 * gc " 9tcttt 5ccccat,at ctt9 °*"" 60 

««* ata ctg cag cac cgc. ,gtg gtg gac 112 
. acctccotcc cctccagac cgc cca gt £J ctg ^g ^ ^ ^ ^ ^ 



1 5 



4- aaa tec tac att gaa tgc 160 

s a s s £ s s s s a s ~ - «a sl " cys 

„ t =gg =c= c« oc« Sf c.t . ggtg a g c.c .,c. g ,^ m 
Asn Arg Pro Gin-Pro Ala His 

30-^6' 



4 



<210> 133 

<211> 34 

<212> PRT 

<213> Homo sapiens 



"Ly v.i »■ «• v » l " P G1 " " U S1 " G " 



tKoWgitflDDt 
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10 



15 



Phe Ala lie Thr Leu Lys Ser Tyr lie Glu Cys Asn Arg Pro Gin Pro 
20 25 ~ 30 



Ala His 



<210> 


134 




<211> 


324 




<212> 


DNA 




<213> 


Homo 


sapiens 


<220> 






<221> 


intron 


<222> 


(1) . . 


(83) 


<220> 






<221> 


exon 




<222> 


(84) . 


. (224) 


<220> 






<221> 


3 »UTR 


<222> 


(226) 


. . (324) 


<220> 






<221> 


CDS 




<222> 


(85) . 


• (225) 


<400> 


134 





tgcttgtgca gcctcagagc agccctgagg cttgtgggtc agggcgggct gcacccacaa 60 

tcttttctct ggctggcatg cagg ttc ttg ttc ctg aag ate atg get atg 111 

Phe Leu Phe Leu Lys lie Met Ala Met 
1 5 

etc acc gag etc cgc age ate aat get cag cac ace cag egg ctg ctg 159 
Leu Thr Glu Leu Arg Ser lie Asn Ala Gin His Thr Gin Arg Leu Leu 
10 15 20 25 

cgc ate cag gac ata cac ccc ttt get acg ccc etc atg cag gag ttg 207 
Arg lie Gin Asp lie His Pro Phe Ala Thr Pro Leu Met Gin Glu Leu 
30 35 40 

ttc g gc ate aca ggt age tqagcgqctg cccttq q qtq acacctccq a 255 

Phe Gly He Thr Gly Ser 
45 



gaggcageca gacccagagc cctctgagcc gccactcccg ggecaagaca gatggacact 315 
gecaagage 324 




<210>-;435^- 
<21'i> 47 ^ 
<2122v PRT'Sl- 
<243> ?H6fii6?»sapj}^n^»W , f 



Ph^Le^Phe Leu Lys He. Met Ala Met Leu Thr Glu Leu Arg Ser He 
1 ~ 5 10 15 

Asn Ala Gin His Thr Gin Arg Leu Leu Arg He Gin Asp lie His Pro 
20 25 30 

Phe Ala Thr Pro Leu Met Gin Glu Leu Phe Gly He Thr Gly Ser 
. 35 40 45 



m 
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Described are general means and methods of diagnosing and treating the phenotypic 
spectrum as well as the overlapping clinical characteristics with several forms of 
inherited abnormal expression and/or function of the CYP3A4, CYP3A7 and hPXR 
genes. In particular, polynucleotides of molecular variant CYP3A4, CYP3A7 and hPXR 
genes which, for example, are associated with insufficient metabolization and/or 
sensitivety of drugs, and vectors comprising such polynucleotides are provided. 
Furthermore, host cells comprising such polynucleotides or vectors and their use for 
the production of variant CYP3A4, CYP3A7 and hPXR proteins are described. In 
addition, variant CYP3A4, CYP3A7 and hPXR proteins and antibodies specifically 
recognizing such proteins as well as transgenic non-human animals comprising the 
above-described polynucleotide or vectors are provided. Described are also methods 
for identifying and obtaining inhibitors for therapy of disorders related to the 
malfunction of the CYP3A4, CYP3A7 and hPXR genes as well as methods of 
diagnosing the status of such disorders. Pharmaceutical and diagnostic compositions 
comprising the above-described polynucleotides, vectors, proteins, antibodies and 
inhibitors by the above-described method are provided. Said compositions are 
particularly useful for diagnosing and treating various diseases with drugs that are 
substrates, inhibitors or modulators of the CYP3A4, CYP3A7 or hPXR gene product. 
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